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Abstract 

Background: Lysophosphatidylcholine acyltransferase 1 (LPCAT1) is overexpressed in multiple human tumors. 
However, the role of LPCAT1 in hepatocellular carcinoma (HCC) has not been understood. We aim to explore the rela-
tionships between LPCAT1 expression and prognosis, clinicopathological features, tumor microenvironment (TME), 
immune cell infiltration, immune checkpoint gene expression, and related signaling pathways in HCC. Furthermore, 
we also explored the relationship between LPCAT1 expression and drug sensitivity to HCC treatment.

Methods: The expression profiles were acquired from the Cancer Genome Atlas (TCGA) and the Human Protein Atlas 
(THPA). Immune status and infiltration in cancer tissues were explored using the single sample gene set enrichment 
analysis (ssGSEA) and CIBERSORT algorithm.

Results: LPCAT1 was overexpressed in HCC, and its expression was related to poor prognosis, LPCAT1 was an inde-
pendent prognostic biomarker in HCC. Expression of LPCAT1 increased statistically with the increase of clinical stage 
and grade of HCC patients. GO and KEGG network analysis revealed that LPCAT1 positively associated molecules were 
mostly enriched in functions related to cell adhesion. The TME score of high-LPCAT1 group was significantly higher 
than that of low-LPCAT1 group. Immune infiltrating cells positively correlated with LPCAT1 expression were Mac-
rophages M0, B cells memory, Dendritic cells activated, T cells regulatory and T cells gamma delta in HCC. We found 
a positive correlation between LPCAT1 and most immune checkpoint gene expression. The IC50 of 5-Fluorouracil, 
Gemcitabine, Mitomycin C, Sorafenib and Cabozantinib in patients with high-LPCAT1 expression was lower than that 
in patients with low-LPCAT1 expression. Our findings provide a wealth of information for further understanding of the 
biological functions and signaling pathways of LPCAT1 in HCC.

Conclusions: LPCAT1 is an independent prognostic biomarker and associated with tumor microenvironment, 
immune cell infiltration, immune checkpoint expression and drug sensitivity in hepatocellular carcinoma.

Keywords: LPCAT1, Prognosis, Tumor microenvironment, Immune cell infiltration, Immune checkpoint, Drug 
sensitivity, Signaling pathway, Hepatocellular carcinoma
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Background
HCC is the most frequent type of malignant liver tumor 
worldwide, with a complex etiology, insidious onset and 
high malignancy [1]. Currently, chemotherapy is still an 
effective treatment for liver cancer. Molecular-based 
targeted therapies are also increasingly becoming sys-
temic treatments for liver cancer, including Sorafenib 
(RAF/MEK/ERK signaling pathway inhibitor, VEGFR 
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and PDGFR inhibitor), Lenvatinib (VEGFR-1, VEGFR-2, 
VEGFR-3, FGFR1, PDGFR, cKit and Ret inhibitor), Beva-
cizumab (VEGF inhibitor) and other monoclonal anti-
bodies. Despite appreciable progress has been achieved 
in systematic treatments, the overall long-term survival 
of HCC patients is still unsatisfying [2]. Therefore, it is 
of great significance to predict the prognosis of patients 
with HCC and search for therapeutic targets.

Metabolic pathways, including lipid metabolism, are 
frequently reprogrammed within cancer cells to adapt to 
environmental challenges and promote their expansion 
and metastasis [3–5]. As a member of LPCATs family, 
LPCAT1 is an enzyme involved in phosphatidylcholine 
metabolism and is essential for the regulation of phos-
phatidylcholine composition [6, 7], especially for the 
accumulation of polyunsaturated fatty acids [8]. There 
is increasing evidence that the expression of LPCAT1 
is overexpressed in multiple human tumors and may 
be involved in tumor proliferation and metastasis [9–
11]. However, there is less in-depth information about 
LPCAT1 in HCC, which needs further study.

In our study, we analyzed the relationship 
between LPCAT1 expression and clinicopathological fea-
tures and prognosis in HCC. The correlation of LPCAT1 
expression with TME score, immune cell infiltration and 
immune checkpoint gene expression were further stud-
ied. Moreover, biological functions and related signaling 
pathways of LPCAT1 was explored in HCC. Finally, we 
explored the relationship between LPCAT1 expression 
and drug sensitivity to HCC treatment.

Methods
LPCAT1 expression analysis
All available data of 21 cancer types were downloaded 
from TCGA as Fragments per kilobase per million 
(FPKM), and then, the data were transformed into tran-
scripts per million (TPM). Finally, Mann Whitney U test 
was performed using the “ggplot2” R package. The immu-
nohistochemistry of LPCAT1 was obtained from THPA, 
a program which aims to map all the human proteins 
in cells, tissues and organs using integration of various 
omics technologies [12]. This study complies with the 
publication guidelines and access rules of TCGA.

Characteristic comparison between the high‑ 
and low‑LPCAT1 groups
Clinical data from TCGA were used to analyze the over-
all survival and progression-free survival of HCC patients 
between 2 groups. Clinical characteristics including Age, 
Gender, Grade, Stage, T, M, and N were included to ana-
lyze whether there were differences between 2 groups. 
“ggplot2” R package was used to analyze differential genes 
expression between 2 groups. General immune status of 

each patient was assessed by ESTIMATE score, stromal 
score, immune score and tumor purity score. In addition, 
in each HCC sample, we utilized CIBERSORT algorithm 
and depicted the profile of 22 immunocyte subtypes [13]. 
The obtained data were analyzed within high- and low-
LPCAT1 groups by ssGSEA with the “GSVA” R package 
[14, 15]. “pRRophetic” R package was used to predict 
IC50 of 5-Fluorouracil, Gemcitabine, Mitomycin C, 
Sorafenib, Cabozantinib and Irinotecan in each sample. 
IC50 indicates the effectiveness of a substance in inhibit-
ing specific biological or biochemical functions.

GO and KEGG
GO is a database established for the definition and 
description of gene and protein functions applicable to 
various species. KEGG is a comprehensive database that 
integrates genomic, chemical, and systemic functional 
information. The enrichment analysis of LPCAT1-related 
genes was performed by the “clusterProfiler” R package 
[16] (v. 3.14.3) of R software (v. 3.6.3), and the results 
were visualized by the “ggplot2” R package (v. 3.3.3). 
The threshold conditions are set as: p.adj < 0.05 and q 
value < 0.2.

Statistical analysis
In this study, Student’s t test was used to compare contin-
uous variables and Mann–Whitney U test was used for 
categorical variables. The prognostic value of LPCAT1 
was evaluated by univariable and multivariable analysis, 
which were further evaluated by Kaplan–Meier analysis. 
Spearman’s value was used to evaluate the correlation 
of LPCAT1 with checkpoint gene expression in HCC, 
and visualized by “ggplot2” R package (v. 3.3.3). R soft-
ware was utilized to construct the heatmaps, forest plots, 
and circle plot. p < 0.05 was set as statistically significant. 
All statistical analyses were conducted by R software 
(v.4.1.3).

Results
Pan‑cancer analysis of LPCAT1 expression
To determine the expression of LPCAT1 in human 
tumors, we first performed its expression analysis in 21 
human tumors. As shown in Fig. 1A, our results showed 
that LPCAT1 was overexpressed in 16 cancer types, 
including BLCA, BRCA, CHOL, COAD, ESCA, GBM, 
HNSC, KIRC, KIRP, LIHC, PCPG, PRAD, READ, STAD, 
THCA and UCEC, and significantly decreased in KICH, 
LUAD and LUSC. In addition, we found no significant 
differences in the expression of LPCAT1 in CESC and 
PAAD. We further created the scatter plot of LPCAT1 
expression in HCC and normal controls, as shown in 
Fig.  1B, LPCAT1 expression was significantly increased 
in HCC compared with normal tissues, with statistical 
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significance. The results of paired sample analysis also 
showed that the expression of LPCAT1 was significantly 
increased in HCC (Fig. 1C). Finally, immunohistochemi-
cal results of THPA confirmed above results (Fig. 1C, D). 
Taking all into consideration, the expression of LPCAT1 
was overexpressed in 14 tumors: BLCA, BRCA, CHOL, 
COAD, ESCA, HNSC, KIRC, KIRP, LIHC, PRAD, READ, 
STAD, THCA, and UCEC, suggesting that LPCAT1 may 
play a key promoting role in the development of these 14 
cancers including HCC.

Prognostic value of LPCAT1 in HCC
Next, we performed the prognosis analysis of LPCAT1 
expression in HCC. As shown in Fig. 2A, B, the OS and 
PFS of patients with low-LPCAT1 were significantly bet-
ter than those of patients with high-LPCAT1, indicating 
that high-LPCAT1 expression predicts poor progno-
sis. To determine whether LPCAT1 is an independent 
prognostic factor in HCC patients, we performed uni-
variate/multivariate analysis, including LPCAT1, Age, 
Gender, Grade and Stage. Univariate analysis showed 
that LPCAT1 was negatively correlated with the progno-
sis of HCC patients, with statistical significance (Fig. 2C, 
OS: HR = 1.482, CI   1.272–1.727, p < 0.001). Further 

multivariate analysis showed that LPCAT1 was an inde-
pendent prognostic factor in HCC patients (Fig. 2D, OS: 
HR = 1.346, CI   1.144–1.584, p < 0.001). These results 
demonstrated the prognostic values of LPCAT1 expres-
sion in HCC and can be used as an independent prognos-
tic biomarker for HCC patients.

Correlation of LPCAT1 expression with clinicopathological 
features in HCC patients
Here, we used TCGA to further explore the correlation 
between LPCAT1 expression and clinicopathological fea-
tures. As shown in Fig. 3B–D, we found that the expres-
sion of LPCAT1 increased statistically with the increase 
of clinical stage and grade of HCC patients (Grade: G1 
vs G2, p = 7.6e−03; G1 vs G3, p = 1.6e−06; G1 vs G4, 
p = 4.8e−03; G2 vs G3, p = 7.7e−04; Stage: StageI vs 
Stage II, p = 2.7e−04; StageI vs Stage III, p = 3.7e−06; 
T: T1 vs T2, p = 9.2e−05; T1 vs T3, p = 4.9e−05). We 
didn’t find any relationship between LPCAT1 expression 
and Age, M and N (Fig. 3A, E, F). To clarify which clin-
icopathological features were different within high- and 
low-LPCAT1 groups, we created a heatmap of clinical 
correlations. The results are shown in Fig. 3G, the three 
clinicopathological features of Grade, Stage and T were 

Fig. 1 Pan-cancer analysis of LPCAT1 expression in human cancers. A LPCAT1 expression in human cancers compared with normal determined by 
TCGA. B LPCAT1 expression in HCC and normal tissues (unpaired samples). C LPCAT1 expression in HCC and normal tissues (paired samples). D, E 
Immunohistochemistry of LPCAT1 in HCC and normal tissues. ns: no significance; *p value < 0.05; **p value < 0.01; ***p value < 0.001. Scale is 100 μm
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significantly different between high- and low-LPCAT1 
groups, with statistical significance (p < 0.001). We elu-
cidated the correlation of LPCAT1 expression with clin-
icopathological features of HCC in detail. Together, our 
results demonstrated that LPCAT1 expression is posi-
tively correlated with the risk of HCC, which can well 
reflect the clinical stage and grade of HCC patients.

Analysis of biological functions and related signaling 
pathways of LPCAT1
To further explore the biological significance of LPCAT1 
in HCC, we performed a genome-wide gene profiling 
analysis of LPCAT1-related genes. Our results showed 
that there were 8702 genes associated with LPCAT1 
expression (p < 0.01) in TCGA, and these significantly 
associated genes were classified as 7169 positively and 
1533 negatively associated genes. Subsequently, we gen-
erated a circle plot of co-expression, as shown in Fig. 4A, 
the top 5 genes negatively correlated with LPCAT1 

expression were UPB1, SERPINC1, DAO, GLYATL1 and 
PCK2, while the top 5 genes positively correlated with 
LPCAT1 expression were PKM, LIMK1, ST6GALNAC4, 
BAK1 and IMPDH1. To clarify which genes are differen-
tially expressed between high- and low-LPCAT1 groups, 
we performed analysis and generated a heatmap of dif-
ferential genes. As shown in Fig. 4D, the results present 
a heatmap of the top 50 differentially expressed genes 
that were most significantly up- and down-regulated 
in these two groups. GO and KEGG network analysis 
revealed that LPCAT1 positively associated molecules 
were mostly enriched in functions related to cell adhe-
sion, cadherin binding, and cell cycle (Fig.  4B), while 
LPCAT1 negatively associated molecules were mostly 
enriched in functions related to metabolic process 
(Fig. 4C). These findings suggest that LPCAT1 may medi-
ate cell–cell adhesion by altering the plasma membrane, 

Fig. 2 Prognostic value of LPCAT1 expression in HCC. Kaplan–Meier curves of overall survival A or progression free survival B in high- or low-LPCAT1 
groups. C, D Univariable and multivariable analyses of LPCAT1 and various clinical factors
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thereby participating in multiple cancer-related signaling 
pathways, and ultimately promoting the development of 
HCC.

Correlation between LPCAT1 and TME score in HCC
TME cells constitute a vital element of tumor tissue. 
Increasing evidence has elucidated their clinicopathologi-
cal significance in predicting outcomes and therapeutic 
efficacy. We, therefore, analyzed the association of LPCAT1 
expression with TME score in HCC. As shown in Fig. 5, the 
results showed that the TME score of high-LPCAT1 group 
was significantly higher than that of low-LPCAT1 group in 

HCC. It was further known that this difference was mainly 
due to differences in immune scores, not stromal scores.

Correlation of LPCAT1 expression with immune cell 
infiltration in HCC
LPCAT1 is thought to play an important role in 
the immune system, so we explored the correla-
tion between LPCAT1 expression and immune cell 
infiltration. As shown in Fig.  6A, we found that the 
immune infiltrating cells positively correlated with 

Fig. 3 Correlation between LPCAT1 and clinicopathological features in HCC. Correlation of LPCAT1 expression in different groups classified by age 
(A), grade (B), stage (C), T (D), M (E) and N (F). G Heatmap of clinicopathological correlations with high- or low-LPCAT1 groups. *p value < 0.05; **p 
value < 0.01; ***p value < 0.001
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LPCAT1 expression were Macrophages M0 (p < 0.001), 
B cells memory (p = 0.015), Dendritic cells activated 
(p = 0.017), T cells regulatory (p = 0.026) and T cells 
gamma delta (p = 0.047), while the immune infiltrat-
ing cells negatively correlated with LPCAT1 expres-
sion were B cells naive (p = 0.015) and Monocytes 
(p = 0.011) in HCC. Next, we analyzed the differences 
in the infiltration of various immune cells within high- 
and low-LPCAT1 groups. As shown in Fig.  6B, the 
results showed that the infiltration levels of B cell naive 
and T cells CD4 memory resting in high-LPCAT1 

group were significantly lower than those in low-
LPCAT1 group. Differently, the infiltration level of 
Macrophages M0 in high-LPCAT1 group was signifi-
cantly higher than that in low-LPCAT1 group. Our 
results demonstrated that LPCAT1, together with 
immune cells, are involved in the progression of HCC.

Correlation between LPCAT1 and immune checkpoint gene 
expression in HCC
It is well-known that immunotherapy plays an impor-
tant role in HCC, and the expression of immune 

Fig. 4 Analysis of the signaling pathway of LPCAT1 and its related genes. A Circle plot of top 5 genes positively (red) and negatively (green) 
correlated with LPCAT1 expression. GO and KEGG analysis of genes positively (B) or negatively (C) correlated with LPCAT1 expression in HCC. D 
Heatmap of the top 50 differentially expressed genes in high- or low-LPCAT1 groups
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checkpoint genes can not only predict prognosis, but 
also predict the response to immunotherapy. We, 
therefore, analyzed the correlation between LPCAT1 
expression and immune checkpoint gene expres-
sion. As shown in Fig.  7, LPCAT1 was positively cor-
related with almost all immune checkpoint genes, 
including LGALS9, LAIR1, HAVCR2, TNFRSF18, 
TNFRSF4, TNFSF9, CD86, CD276, CD44, VTCN1, 
CD80, TNFRSF8, CTALA4, NRP1, ICOS, PDCD1, and 
TNFRSF14, while LPCAT1 was negatively correlated 
with ADORA2A and IDO2. We found a positive corre-
lation between LPCAT1 and most immune checkpoint 
gene expression, suggesting that LPCAT1 can be used 
as one of the biomarkers for predicting immunother-
apy response.

Correlation between LPCAT1 expression and drug 
sensitivity in HCC
To explore the relationship between LPCAT1 and drug 
sensitivity, we performed a drug sensitivity analy-
sis within high- and low-LPCAT1 groups. As shown 
in Fig.  8, we screened out the sensitivity of 6 drugs 
related to HCC treatment in total. Among them, the 
IC50 of 5-Fluorouracil, Gemcitabine, Mitomycin C, 
Sorafenib and Cabozantinib (XL-184) in patients 
with high-LPCAT1 expression was lower than that in 
patients with low-LPCAT1 expression, indicating a 
better efficacy in high-LPCAT1 expression group. and 
the IC50 of Irinotecan (SN-38) in patients with low-
LPCAT1 expression was lower than that in patients 
with high-LPCAT1 expression, indicating a better effi-
cacy in low-LPCAT1 expression group. This suggests 

that LPCAT1 may be involved in the resistance to 
these drugs in HCC.

Discussion
Metabolic pathways, including lipid metabolism, are fre-
quently reprogrammed within cancer cells to adapt to 
environmental challenges and promote their expansion 
and metastasis [3]. As an important enzyme in phos-
phatidylcholine metabolism, LPCAT1 can affect the 
energy metabolism of tumors by modulating the level of 
saturated phosphatidylcholine and changing the phos-
pholipid composition of the plasma membrane [11]. 
LPCAT1 has been shown to be associated with various 
cancers and play an important role in the occurrence 
and development of various tumors [17–21]. Our results 
indicate that LPCAT1 is overexpressed in most human 
tumors, suggesting that LPCAT1 may play a key promot-
ing role in the development of these cancers including 
HCC. Further prognostic analysis demonstrated high-
LPCAT1 expression was associated with poor prognosis 
in HCC. Further univariate/multivariate analysis con-
firmed the prognostic value of LPCAT1 expression in 
HCC and as an independent prognostic biomarker for 
patients with HCC.

LPCAT1 expression correlates with clinicopathological 
features  in HCC. Zhang found that LPCAT1 expression 
was related to tumor grade, ECOG score, AFP and TNM 
stage [19, 22]. We analyzed and found more relation-
ships between LPCAT1 and clinicopathological features. 
Our study not only found and confirmed the correlation 
between LPCAT1 expression and more clinicopatho-
logical features in HCC, and further found that LPCAT1 
expression was positively correlated with the risk of 
hepatocellular carcinoma, which could well reflect the 
clinical staging and grading of HCC patients.

There have been several studies on the mechanism of 
LPCAT1 in tumor cells. Wei demonstrated that LPCAT1 
was up-regulated in NSCLC cells and tissues, and pro-
moted NSCLC progression via PI3K/AKT/MYC path-
way, can be used as a target for the NSCLC treatment 
[23]. LPCAT1 was found to contribute to cutaneous 
squamous cell carcinoma progression through EGFR-
mediated protein kinase B and p38MAPK signaling 
pathways [24]. High-LPCAT1 expression could inhibit 
STAT1 expression, up-regulate CyclinD1, CyclinE, CDK4 
and MMP-9, and decrease p27kip1 to promote cancer 
progression  in HCC [25]. More knowledge is needed to 
understand how LPCAT1 promotes tumorigenesis in 
HCC. Our results revealed genes positively associated 
with LPCAT1 are closely associated with numerous bio-
logical processes, including regulation of cell cycle, actin 

Fig. 5 Correlation between LPCAT1 expression and TME score in 
HCC. *p < 0.05; **p < 0.01; ***p < 0.001
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Fig. 6 Correlation between LPCAT1 expression and immune cell infiltration in HCC. A Correlation of LPCAT1 expression level with various immune 
cell infiltration level in HCC. B Differences in the infiltration of various immune cells within high- and low-LPCAT1 groups. *p < 0.05; **p < 0.01; 
***p < 0.001
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filament organization, Ras protein signal transduction, 
autophagy and regulation of apoptotic signaling pathway. 
We further found that LPCAT1 positively related genes 
are associated with many cancer-related signaling path-
ways, including VEGF, Rap1, Notch, Hippo, Apoptosis, 
p53, TNF and HIF-1. GO and KEGG network analysis 
revealed that LPCAT1 positively associated molecules 
were mostly enriched in functions related to cell adhe-
sion. These findings suggested that LPCAT1 may be 
involved in multiple cancer-related signaling pathways by 
mediating intercellular adhesion and ultimately contrib-
uting to the development of HCC (Fig. 9).

Immunotherapy has increasingly become an impor-
tant part of the treatment of tumor therapy [26, 27]. 
The sensitivity of immunotherapy for HCC directly 
determines the prognosis, which is very critical. We 
further explored the relationship between LPCAT1 
expression and TME score, immune-infiltrating cells, 

immune checkpoint gene expression and drug sensitiv-
ity. Tumor-infiltrating immune cells are thought to be 
involved in tumor proliferation and metastasis [28–32]. 
We studied the correlation of LPCAT1 expression with 
the infiltration status of immune cells in HCC and 
found LPCAT1 expression was closely correlated with 
immune cell infiltration in HCC. Immune infiltrating 
cells positively correlated with LPCAT1 expression 
were Macrophages M0, B cells memory, Dendritic cells 
activated, T cells regulatory and T cells gamma delta, 
while the immune infiltrating cells negatively corre-
lated with LPCAT1 expression were B cells naive and 
Monocytes, suggesting that LPCAT1 plays a role in 
regulating tumor immunity in hepatocarcinogenesis. 
The infiltration levels of B cell naive and T cells CD4 
memory resting in high-LPCAT1 group were signifi-
cantly lower than those in low-LPCAT1 group. Dif-
ferently, the infiltration level of Macrophages M0 in 

Fig. 7 Correlation between LPCAT1 expression and immune checkpoint gene expression in HCC
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high-LPCAT1 group was significantly higher than that 
in low-LPCAT1 group. Furthermore, LPCAT1 expres-
sion was found to be positively correlated with the 
expression of exhausted T cells markers (CTL-4 and 
PD-1), which are key immune checkpoints used by 
cancer cells to help evade immune surveillance. The 
induction of immune cells into the tumor by immune 
checkpoint blockade is the key to tumor immunother-
apy [33]. Thus, the effectiveness of immunotherapy 

depends primarily on sufficient immune cell infiltration 
and adequate expression of immune checkpoints in the 
tumor microenvironment [34]. Finally, we explored the 
relationship between LPCAT1 expression and drug sen-
sitivity, and found that LPCAT1 can be used as a bio-
marker to predict the efficacy of some drugs, including 
5-Fluorouracil, Gemcitabine, Mitomycin C, Sorafenib, 
Cabozantinib and Irinotecan in HCC. This helps clini-
cians make more scientific decisions in HCC treatment. 
And also, it is suggested that LPCAT1 may be involved 
in the resistance of these drugs and is associated with 
treatment resistance [35]. Han found LPCAT1 overex-
pression led to castration resistant prostate cancer cell 
resistance to treatment with paclitaxel. All our findings 
together illustrated that LPCAT1 functions as a regula-
tor in tumor-infiltration of immune cells in HCC, and 
targeting LPCAT1 may improve the efficacy of immu-
notherapy in HCC.

Conclusions
In conclusion, we clarified that LPCAT1 is an inde-
pendent prognostic biomarker associated with TME 
score, immune cell infiltration, immune checkpoint 
gene expression, which can well reflect the clinical stage 
and grade of HCC patients. LPCAT1 is associated with 
drug sensitivity, which provides support for oncologists 

Fig. 8 Correlation between LPCAT1 expression and drug sensitivity in HCC, including 5-Fluorouracil (A), Gemcitabine (B), Mitomycin C (C), 
Irinotecan (D), Sorafenib (E), and Cabozantinib (F). *p < 0.05; **p < 0.01; ***p < 0.001

Fig. 9 Schematic representation of the putative role of LPCAT1 in 
hepatocellular carcinoma
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to formulate anti-HCC treatment strategies. At last, 
our findings provide a wealth of information for further 
understanding of the biological functions and signaling 
pathways of LPCAT1 in HCC.

Abbreviations
LPCAT1: Lysophosphatidylcholine acyltransferase 1; HCC: Hepatocellular 
carcinoma; TCGA : The cancer genome atlas; THPA: The human protein atlas; 
GO: Gene ontology; KEGG: Kyoto encyclopedia of genes and genomes; OS: 
Overall survival; PFS: Progression-free survival; NSCLC: Non-small cell lung 
cancer; BLCA: Bladder urothelial carcinoma; BRCA : Breast invasive carcinoma; 
CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma; 
CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; ESCA: Esophageal 
carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and neck squamous 
cell carcinoma; KICH: Kidney chromophobe; KIRC: Kidney renal clear cell 
carcinoma; KIRP: Kidney renal papillary cell carcinoma; LIHC: Liver hepatocel-
lular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell 
carcinoma; PAAD: Pancreatic adenocarcinoma; PCPG: Pheochromocytoma and 
paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocar-
cinoma; STAD: Stomach adenocarcinoma; THCA: Thyroid carcinoma; UCEC: 
Uterine corpus endometrial carcinoma.

Acknowledgements
We thank Dr. Guochao Mao for comments on the manuscript of this article.

Author contributions
LL: conceptualization; data curation; data analysis; methodology; project 
administration; validation; visualization; writing—original draft; writing—
review and editing. XW and YD: investigation; validation; writing—review 
and editing. NH and BS: data curation; investigation; writing—review and 
editing. MY: project administration; supervision; validation; writing—original 
draft; writing—review and editing. All authors read and approved the final 
manuscript.

Funding
Not applicable.

 Availability of data and materials
The data sets generated and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study is based on TCGA public database, which is publicly available for 
anyone in the research community to use. It complies with ethical exemp-
tion, and has been granted by the medical ethics committee of the Shaanxi 
Provincial Cancer Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 September 2022   Accepted: 15 October 2022

References
 1. Kulik L, El-Serag HB. Epidemiology and management of hepatocellular 

carcinoma. Gastroenterology. 2019;156:477-491.e471.
 2. Llovet JM, Kelley RK, Villanueva A, Singal A, Pikarsky E, Roayaie S, Lencioni 

R, Koike K, Zucman Rossi J, Finn RS. Hepatocellular carcinoma. Nat Rev Dis 
Primers. 2021;7:7.

 3. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 
2011;144:646–74.

 4. Fares J, Fares MY, Khachfe HH, Salhab HA, Fares Y. Molecular principles of 
metastasis: a hallmark of cancer revisited. Signal Transduct Target Ther. 
2020;5:28.

 5. Park JH, Pyun WY, Park HW. Cancer metabolism phenotype signaling and 
therapeutic targets. Cells. 2020. https:// doi. org/ 10. 3390/ cells 91023 08.

 6. Harayama T, Eto M, Shindou H, Kita Y, Otsubo E, Hishikawa D, Ishii S, 
Sakimura K, Mishina M, Shimizu T. Lysophospholipid acyltransferases 
mediate phosphatidylcholine diversification to achieve the physical 
properties required in vivo. Cell Metab. 2014;20:295–305.

 7. Hishikawa D, Shindou H, Kobayashi S, Nakanishi H, Taguchi R, Shimizu T. 
Discovery of a lysophospholipid acyltransferase family essential for mem-
brane asymmetry and diversity. Proc Natl Acad Sci USA. 2008;105:2830–5.

 8. Rong X, Albert CJ, Hong C, Duerr MA, Chamberlain BT, Tarling EJ, Ito A, 
Gao J, Wang B, Edwards PA, et al. LXRs regulate ER stress and inflamma-
tion through dynamic modulation of membrane phospholipid composi-
tion. Cell Metab. 2013;18:685–97.

 9. Bellon E, Grupp K, Ghadban T, Tachezy M, Bachmann K, Izbicki JR, Simon 
R, Sauter G, Hube-Magg C, Melling N. Increased lysophosphatidylcholine 
acyltransferase 1 expression is unrelated to prognosis of esophageal 
cancer patients. J Cancer Res Clin Oncol. 2021;147:2879–84.

 10. Bi J, Ichu TA, Zanca C, Yang H, Zhang W, Gu Y, Chowdhry S, Reed A, Ikeg-
ami S, Turner KM, et al. Oncogene amplification in growth factor signaling 
pathways renders cancers dependent on membrane lipid remodeling. 
Cell Metab. 2019;30:525-538.e528.

 11. Wang B, Tontonoz P. Phospholipid remodeling in physiology and disease. 
Annu Rev Physiol. 2019;81:165–88.

 12. Uhlen M, Oksvold P, Fagerberg L, Lundberg E, Jonasson K, Forsberg M, 
Zwahlen M, Kampf C, Wester K, Hober S, et al. Towards a knowledge-
based human protein atlas. Nat Biotechnol. 2010;28:1248–50.

 13. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, Hoang CD, 
Diehn M, Alizadeh AA. Robust enumeration of cell subsets from tissue 
expression profiles. Nat Methods. 2015;12:453–7.

 14. Hänzelmann S, Castelo R, Guinney J. GSVA: gene set variation analysis for 
microarray and RNA-seq data. BMC Bio Informatics. 2013;14:7.

 15. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC, 
Angell H, Fredriksen T, Lafontaine L, Berger A, et al. Spatiotemporal 
dynamics of intratumoral immune cells reveal the immune landscape in 
human cancer. Immunity. 2013;39:782–95.

 16. Yu G, Wang LG, Han Y, He QY. Clusterprofiler: an R package for comparing 
biological themes among gene clusters. OMICS. 2012;16:284–7.

 17. Lebok P, von Hassel A, Meiners J, Hube-Magg C, Simon R, Höflmayer D, 
Hinsch A, Dum D, Fraune C, Göbel C, et al. Up-regulation of lysophos-
phatidylcholine acyltransferase 1 (LPCAT1) is linked to poor prognosis in 
breast cancer. Aging. 2019;11:7796–804.

 18. Mansilla F, da Costa KA, Wang S, Kruhøffer M, Lewin TM, Orntoft TF, Cole-
man RA, Birkenkamp-Demtröder K. Lysophosphatidylcholine acyltrans-
ferase 1 (LPCAT1) overexpression in human colorectal cancer. J Mol Med. 
2009;87:85–97.

 19. He RQ, Li JD, Du XF, Dang YW, Yang LJ, Huang ZG, Liu LM, Liao LF, Yang H, 
Chen G. LPCAT1 overexpression promotes the progression of hepatocel-
lular carcinoma. Cancer Cell Int. 2021;21:442.

 20. Uehara T, Kikuchi H, Miyazaki S, Iino I, Setoguchi T, Hiramatsu Y, Ohta M, 
Kamiya K, Morita Y, Tanaka H, et al. Overexpression of lysophosphatidyl-
choline acyltransferase 1 and concomitant lipid alterations in gastric 
cancer. Ann Surg Oncol. 2016;23(Suppl 2):S206-213.

 21. Abdelzaher E, Mostafa MF. Lysophosphatidylcholine acyltransferase 1 
(LPCAT1) upregulation in breast carcinoma contributes to tumor progres-
sion and predicts early tumor recurrence. Tumour Biol. 2015;36:5473–83.

 22. Zhang H, Xu K, Xiang Q, Zhao L, Tan B, Ju P, Lan X, Liu Y, Zhang J, Fu Z, 
et al. LPCAT1 functions as a novel prognostic molecular marker in hepa-
tocellular carcinoma. Genes Dis. 2022;9:151–64.

 23. Wei C, Dong X, Lu H, Tong F, Chen L, Zhang R, Dong J, Hu Y, Wu G, Dong 
X. LPCAT1 promotes brain metastasis of lung adenocarcinoma by up-
regulating PI3K/AKT/MYC pathway. J Exp Clin Cancer Res. 2019;38:95.

 24. Huang Y, Wang Y, Wang Y, Wang N, Duan Q, Wang S, Liu M, Bilal MA, 
Zheng Y. LPCAT1 promotes cutaneous squamous cell carcinoma via 
EGFR-mediated protein kinase B/p38MAPK signaling pathways. J Invest 
Dermatol. 2021. https:// doi. org/ 10. 1016/j. jid. 2021. 07. 163.

https://doi.org/10.3390/cells9102308
https://doi.org/10.1016/j.jid.2021.07.163


Page 12 of 12Li et al. European Journal of Medical Research          (2022) 27:216 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 25. Ji W, Peng Z, Sun B, Chen L, Zhang Q, Guo M, Su C. LpCat1 promotes 
malignant transformation of hepatocellular carcinoma cells by directly 
suppressing STAT1. Front Oncol. 2021;11:678714.

 26. Iacovino ML, Miceli CC, De Felice M, Barone B, Pompella L, Chiancone F, 
Di Zazzo E, Tirino G, Della Corte CM, Imbimbo C, et al. Novel therapeutic 
opportunities in neoadjuvant setting in urothelial cancers: a new horizon 
opened by molecular classification and immune checkpoint inhibitors. 
Int J Mol Sci. 2022. https:// doi. org/ 10. 3390/ ijms2 30311 33.

 27. Barone B, Calogero A, Scafuri L, Ferro M, Lucarelli G, Di Zazzo E, Sicignano 
E, Falcone A, Romano L, De Luca L, et al. Immune checkpoint inhibitors 
as a neoadjuvant/adjuvant treatment of muscle-invasive bladder cancer: 
a systematic review. Cancers. 2022. https:// doi. org/ 10. 3390/ cance rs141 
02545.

 28. Huang L, Chen H, Xu Y, Chen J, Liu Z, Xu Q. Correlation of tumor-infiltrat-
ing immune cells of melanoma with overall survival by immunogenomic 
analysis. Cancer Med. 2020;9:8444–56.

 29. Petitprez F, Meylan M, de Reyniès A, Sautès-Fridman C, Fridman WH. The 
tumor microenvironment in the response to immune checkpoint block-
ade therapies. Front Immunol. 2020;11:784.

 30. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrat-
ing immunity’s roles in cancer suppression and promotion. Science. 
2011;331:1565–70.

 31. Wang SS, Liu W, Ly D, Xu H, Qu L, Zhang L. Tumor-infiltrating B cells: their 
role and application in anti-tumor immunity in lung cancer. Cell Mol 
Immunol. 2019;16:6–18.

 32. Tuo Z, Zheng X, Zong Y, Li J, Zou C, Lv Y, Liu J. HK3 is correlated with 
immune infiltrates and predicts response to immunotherapy in non-
small cell lung cancer. Clin Transl Med. 2020;10:319–30.

 33. Slaney CY, Kershaw MH, Darcy PK. Trafficking of T cells into tumors. Can-
cer Res. 2014;74:7168–74.

 34. Lou W, Wang W, Chen J, Wang S, Huang Y. ncRNAs-mediated high 
expression of SEMA3F correlates with poor prognosis and tumor 
immune infiltration of hepatocellular carcinoma. Mol Ther Nucleic Acids. 
2021;24:845–55.

 35. Han C, Yu G, Mao Y, Song S, Li L, Zhou L, Wang Z, Liu Y, Li M, Xu B. LPCAT1 
enhances castration resistant prostate cancer progression via increased 
mRNA synthesis and PAF production. PLoS ONE. 2020;15:e0240801.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/ijms23031133
https://doi.org/10.3390/cancers14102545
https://doi.org/10.3390/cancers14102545

	LPCAT1 acts as an independent prognostic biomarker correlated with immune infiltration in hepatocellular carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	LPCAT1 expression analysis
	Characteristic comparison between the high- and low-LPCAT1 groups
	GO and KEGG
	Statistical analysis

	Results
	Pan-cancer analysis of LPCAT1 expression
	Prognostic value of LPCAT1 in HCC
	Correlation of LPCAT1 expression with clinicopathological features in HCC patients
	Analysis of biological functions and related signaling pathways of LPCAT1
	Correlation between LPCAT1 and TME score in HCC
	Correlation of LPCAT1 expression with immune cell infiltration in HCC
	Correlation between LPCAT1 and immune checkpoint gene expression in HCC
	Correlation between LPCAT1 expression and drug sensitivity in HCC

	Discussion
	Conclusions
	Acknowledgements
	References




