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Purpose: The identification of biomarkers and effective therapeutic targets for gastric 
cancer (GC), the most common cause of cancer-related deaths around the world, is currently 
a major focus in research. Here, we examined the utility of LHFPL6 as a prognostic 
biomarker and therapeutic target for GC.
Methods: We explored the clinical relevance, function, and molecular role of LHFPL6 in GC 
using the MethSurv, cBioPortal, TIMER, Gene Expression Profiling Interactive Analysis, 
ONCOMINE, MEXPRESS, and EWAS Atlas databases. The GSE118919, GSE29272, and 
GSE13861 datasets were used for differential expression analysis. Using The Cancer Genome 
Atlas, we developed a Cox regression model and assessed the clinical significance of LHFPLs. 
In addition, we used the “CIBERSORT” algorithm to make reliable immune infiltration 
estimations. Western blot and immunohistochemistry were used to examine protein expres-
sion. Cell migration and invasion were assessed using transwell experiments. THP-1-derived 
macrophages and GC cells were co-cultured in order to model tumor–macrophage interactions 
in vitro. The levels of CD206 and CD163 were measured using immunofluorescence assays. 
The results were visualized with the “ggplot2” and “circlize” packages.
Results: Our results showed that in GC, LHFPL6 overexpression was significantly asso-
ciated with a poor prognosis. Our findings also suggested that LHFPL6 may be involved in 
the activation of the epithelial–mesenchymal transition. Furthermore, LHFPL6 expression 
showed a positive correlation with the abundance of M2 macrophages, which are potent 
immunosuppressors.
Conclusion: LHFPL6 could be a prognostic biomarker and therapeutic target for GC.
Keywords: gastric cancer, LHFPL6, biomarker, EMT, M2 macrophages

Introduction
Gastric cancer (GC), one of the most common malignant tumors in the world, was the 
fourth-largest contributor to cancer-related deaths worldwide in 2021.1 Etiologically, GC 
is caused by the combined effects of genetic factors that lead to susceptibility and 
environmental factors such as age, socio-economic status, poor dietary habits, and 
Helicobacter pylori infection.2 The occurrence of GC is a complex process involving 
multiple genetic networks. Complex diseases such as GC are often not attributed to 
mutations or dysfunctions of individual genes, but rather to abnormalities in the functions 
of related regulatory networks. From a therapeutic perspective, the identification of key 
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nodes in this molecular network is of great importance. With 
the development of gene chips and high-throughput sequen-
cing technologies, bioinformatics analysis of gene expression 
profiles has become a popular tool for exploring potential 
diagnostic markers and therapeutic targets.3 Through repeated 
mining of tumor-related databases, our group has identified 
several biomarkers that play an important role in GC,4–6 

resulting in significant progress towards understanding the 
molecular mechanism of GC development and devising ther-
apeutic strategies for improving the prognosis of this disease. 
Workflow of this study is shown in Figure 1

Little is known about the molecular function of the human 
lipoma high-speed actin fusion chaperone protein (LHFP) 
subfamily, a member of the LHFP-like family and a subset 
of the four-transmembrane protein-encoding gene superfam-
ily. LHFPL1, LHFPL2, LHFPL3, LHFPL4, LHFPL5, and 
LHFPL6 are the six members of the LHFP subfamily.7 

LHFPL6 was first identified as a translocation partner of the 
high mobility group A2 (HMGA2) gene in benign lipomas. 
HMGA2, a non-histone structural transcription factor, acts as 
a proto-oncogene and plays an important role in the 

occurrence and development of many epithelial and mesench-
ymal tumors.8,9 Numerous studies have shown that HMGA2 is 
involved in the occurrence and malignant progression of 
GC.10–12 However, there have been few studies on the role 
of LHFPLs in GC development and prognosis. Hence, in this 
study, we analyzed data from public databases using bioinfor-
matics methods to explore the expression and effect of 
LHFPLs, especially LHFPL6, in GC.

Materials and Methods
Antibodies and Reagents
A complete list of reagents and antibodies, and experi-
mental details are provided in Supplementary Table S1. 
Concentrations of the antibodies and reagents used have 
also been provided in Supplementary materials. All con-
centrations were chosen based on previous studies or 
manufacturer’s instructions.

Cell Culture
AGS (moderately differentiated GC cells), HGC27 (undif-
ferentiated GC cells), GES-1 (healthy gastric epithelial 

Figure 1 Workflow of this study.
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cells), and THP-1 cells (human monocytic cells) were pur-
chased from the cell bank of the Chinese Academy of 
Sciences (Shanghai, China). MKN74 and MKN45 cells 
(well and poorly differentiated GC cells, respectively) were 
purchased from the Japanese Collection of Research 
Bioresources Cell Bank. GC and THP-1 cells were cultured 
in RPMI-1640 medium with 10% fetal bovine serum (FBS), 
and GES-1 cells were cultured in DMEM with 10% FBS. 
All cells were incubated at 37°C in 5% CO2.

Ethics Statement and Specimen Collection
The study’s protocol was approved by the ethics committee 
of the Jiangsu Province Hospital of Chinese Medicine, and 
informed consent was obtained from clinicians and patients 
(2019NL-166-02). This study conformed to the principles 
outlined in the Declaration of Helsinki (World Medical 
Association Declaration of Helsinki). GC tissues and the 
surrounding non-tumorous tissues (margin, 5 cm) were col-
lected during surgery from 10 previously treatment-naïve 
patients with GC at the Jiangsu Provincial Hospital of 
Traditional Chinese Medicine. Tumors were staged and 
graded based on the 8th edition of the American Joint 
Committee on Cancer tumor-node-metastasis (TNM) staging 
system.13 After extraction, tissue specimens were washed 
with cold phosphate-buffered saline and immediately placed 
in liquid nitrogen. They were then transferred and stored at 
−80°C until further examination using immunohistochemis-
try (IHC) and Western blot analysis.

Immunohistochemistry
The protocol used for IHC was based on earlier studies.14 

Images were obtained using a NIKON Eclipse Ni-E micro-
scope (NIKON, Japan) (original magnification, ×400). The 
H-SCORE (range 0–300, higher scores indicating stronger 
positive staining) was calculated as described previously.15

Western Blot Assessment
The protocol for Western blotting was based on previous 
studies.16 Target/β-actin bands were identified using a gel 
image processing system (ChemiDoc XRS+). Subsequently, 
relative protein levels were calculated.

Lentiviral Vector Construction and 
Transfection
We used lentiviral vectors for overexpressing and knock-
ing down LHFPL6. Viruses were designed, synthesized, 
and produced by GeneChem Corporation. Transfection 

was performed according to the supplier’s protocol. The 
target sequences for the lentivirus are summarized in 
Supplementary materials. We used this sequence to con-
struct a lentiviral vector expressing LHFPL6 shRNA 
(named sh-LHFPL6) and employed a non-targeting 
sequence lentiviral vector as the control (named NC). 
For overexpression, a lentivirus with the complete 
LHFPL6 nucleotide sequence was constructed (named 
oe-LHFPL6). The expression of LHFPL6 was highest 
in HGC27 cells; therefore, HGC27 cells were selected 
for subsequent experiments. HGC27 cells were trans-
duced with the recombinant lentivirus using 2 μg/mL 
polybrene for 24 h. Subsequently, we identified stable 
transfected GFP-expressing cells using 1.5 μg/mL puro-
mycin. We assessed LHFPL6 overexpression and knock-
down as well as transduction efficiency using Western 
blots.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
We examined cell supernatants for LHFPL6 expression 
using the LHFPL6 ELISA Kit based on the given instruc-
tion manual. A microplate reader (BioTek Synergy HT) 
was used to examine optical density at 450 nm.

Colony Formation Assays
We assessed the clonogenic ability of cells using a clone 
formation assay, as described previously.17 The number of 
colonies was counted using a compound light microscope 
(Olympus BX53, Japan).

Transwell Assay
Cell migration and invasion were assessed using 
a transwell assay based on a previously published 
protocol.18 The membrane in the chamber was cut and 
imaged using a light microscope (Olympus BX53, Japan) 
(×200 magnification), and cell counts were obtained using 
Image J software.

Establishment of a Co-Culture System
THP-1 monocytes were differentiated into macrophages 
using phorbol 12-myristate 13-acetate (PMA). THP-1 
cells (1 × 105 cells/mL) were treated with PMA (10 ng/ 
mL) for 48 h to allow them to differentiate into M0 
macrophages and become attached to the inserts placed 
in 6-well plates.19 PMA-containing medium was replaced 
with serum-free medium, and the cells were cultured for 
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24 hours. To reproduce the tumor–macrophage interaction 
at in vitro scale, co-culture experiments were performed 
by seeding GC cells (6 × 105) into the upper chamber and 
macrophages (M0 macrophages) into the lower chamber 
of a 6-well transwell apparatus with a 0.4-μm pore size. 
After an additional 48 h of co-culturing, macrophages 
were obtained from the lower chamber, and immunofluor-
escence staining was performed.

Immunofluorescence Staining
The protocol used for immunofluorescence staining was 
based on earlier studies.20 Immunofluorescence staining 
was observed using an epi-fluorescence microscope 
(Olympus, BX60-32FB2-A03) and different filters and 
imaged using an Olympus, DP50 camera (×400 
magnification).

Statistical Analysis
Data were reported as mean ± standard deviation. We used 
t-tests and one-way ANOVA to perform comparisons 
between two groups and among multiple groups, respec-
tively. All data were analyzed using SPSS 26.0 (SPSS Inc., 
USA) and illustrated using GraphPad Prism 8.0 (GraphPad 
Software, Inc., USA). All experiments were carried out at 
least thrice. **P < 0.01 and *P < 0.05 were defined as 
statistically significant.

Expression Analysis
The ONCOMINE (www.oncomine.org)21 and TCGA 
databases22 (https://portal.gdc.cancer.gov/) were first 
used to assess the transcriptomic expression of 
LHFPLs in tumor tissue and normal tissue. For the 
ONCOMINE analysis, the parameters were set as fol-
lows: P-value, 0.05; fold change, 1.5; and gene rank-
ing, all. The GSE118919,23 GSE29272,24 and 
GSE1386125 datasets from the Gene Expression 
Omnibus (GEO) database were used to confirm the 
differential expression of LHFPL6 between tumors 
and normal tissues. In addition, Gene Expression 
Profiling Interactive Analysis (GEPIA2)26 was con-
ducted to evaluate the expression of LHFPLs at differ-
ent pathological stages. Finally, the “pROC” package 
was used to plot receiver operating characteristic 
(ROC) curves to determine the diagnostic value of 
LHFPL6 and LHFPL2 expression in distinguishing 
between different pathological stages of GC.

Survival Curve Analysis
Based on the LHFPL6 gene expression levels obtained 
from GEPIA2, we analyzed overall survival (OS) and 
disease-free survival (DFS) in patients with GC using 
TCGA-Stomach Adenocarcinoma (STAD) cohort data. 
Using a group cutoff of “median,” Kaplan–Meier curves 
were plotted. We also pooled GC cases from the 
GSE14210, GSE15459, GSE22377, GSE29272, 
GSE51105, and GSE62254 datasets and analyzed OS and 
post-progression survival (PPS) using the Kaplan–Meier 
plotter tool. We used the automatically selected best cut-
off. Subsequently, Log rank tests were performed. In addi-
tion, survival curves based on TCGA-STAD data were 
also plotted using the “Survminer” package to assess the 
effect of LHFPL6 expression on disease-specific survival 
(DSS), disease-free interval (DFI), and progression-free 
interval (PFI).

Cox Model and Clinical Value Analysis
Univariate and multivariate Cox regression analyses of 
TCGA-STAD data were performed to identify which 
LHFPLs were independent prognostic factors for GC.

Forest plots were constructed, with P-values of < 0.05 
indicating significant differences. Hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated for each 
variable via the “forestplot” R package.

Kaplan–Meier analyses were performed followed by 
Log rank tests to compare survival differences between 
LHFPL6 high vs low expression groups. Time-dependent 
ROC analysis was used to measure the predictive accuracy 
of LHFPL6 expression levels. Based on Kaplan–Meier 
curves, P-values and HRs with 95% CIs were obtained 
using Log rank tests and univariate Cox proportional 
hazards regression.

LHFPL6 Functional Enrichment Analysis
The GENEMANIA database was used to identify the 
genes associated with LHFPL6 in order to preliminarily 
explore its potential function.27 Genes co-expressed with 
LHFPL6 were obtained using TCGA-STAD data and the 
criteria |logFC > 3| and p < |0.05|. We then conducted 
functional enrichment analysis for the LHFPL6 gene and 
its co-expressors using the Enrichr database.28 An adjusted 
P-value < 0.05 was considered to be statistically signifi-
cant. In addition, the GSE134520 dataset was used to 
further study the potential function of LHFPL6 at the 
single-cell level.
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CeRNA Network Construction Based on 
LHFPL6 Expression
Using the “DEseq2” package, we identified the differential 
mRNAs (DEmRNAs), miRNAs (DEmiRNAs), and 
lncRNAs (DElncRNAs) that showed significantly different 
expression levels between LHFPL6 high and LHFPL6 low 
expression groups. These DEmRNAs, DEmiRNAs, and 
DElncRNAs were identified by setting the inclusion cri-
teria to an absolute fold change (FC) more than 1 and 
a false discovery rate (FDR) less than 0.05. LncRNA– 
miRNA interactions were predicted using the starBase 
database, and miRNA–mRNA interactions were predicted 
using miRTarBase,29 miRDB,30 and TargetScan.31 In order 
to improve the reliability of the ceRNA network, only 
miRNA-targeted mRNAs from these three databases 
were included along with DEmRNAs. The ceRNA net-
work was visualized with the Cytoscape software.32 The 
Cytoscape plug-in cytoHubba was used to identify the hub 
RNAs in the network, and the TAM tool33 was used to 
identify the potential function of these hub RNAs.

Immune Microenvironment Analysis
CIBERSORT, a high-performance computational method 
used for quantifying cellular components from bulk tissue 
gene expression profiles, was utilized to estimate the abun-
dance of immune infiltration.34 All the results obtained using 
the above analysis methods and the R package were analyzed 
with the “ggplot2” and “pheatmap” packages. We first divided 
the GC patients into high- and low-expression groups based on 
the median LHFPL6 expression level. Subsequently, we per-
formed differential analysis to identify differentially abundant 
immune cells and differentially expressed immune check-
points (ICPs) in these patients. The sample Gene Set 
Enrichment Analysis (ssGSEA) algorithm35 was used to cal-
culate the correlation between LHFPL6 expression and the 
abundance of immune cell infiltration, whereas the TIMER 
database36 was used to calculate the correlation between the 
expression levels of LHFPL6 and those of ICPs. Subsequently, 
GSE29272 and GSE13861 were used to further assess the 
relationship between LHFPL6 levels and macrophage polar-
ization based on the CIBERSORT algorithm.

Genetic Mutation and DNA Methylation 
Analysis
The methylation status of LHFPL6 was analyzed using GC 
cases from TCGA-STAD cohorts and the MEXPRESS 
database.37 The cBioPortal database was used to identify the 

frequency, type, and location of LHFPL6 mutations along with 
their clinical significance.37,38 Pearson’s tests were conducted 
to determine the correlation between DNA methylation and 
LHFPL6 gene expression. Correlation coefficients (R) and 
Benjamini-Hochberg-adjusted P-values were determined for 
different methylation probes. The MethSurv tool was used to 
visualize the methylation of LHFPL6, and Kaplan–Meier plots 
of the relationship between LHFPL6 hyper/hypomethylation 
and OS were constructed.39

Finally, we analyzed the relationship between LHFPL6 
promoter methylation levels and LHFPL6 expression 
levels using TCGA-STAD data and plotted survival curves 
(OS, PFI, and DFI).

Results
Expression Levels of LHFPLs in GC
In order to evaluate the distinct prognostic and prospective 
therapeutic significance of different LHFP members in 
GC, the ONCOMINE database was accessed and the 
mRNA expression of these genes was assessed using the 
available GC repository. We found that the expression 
levels of LHFPL2 and LHFPL6 were up-regulated in 
GC, while those of LHFPL1, LHFPL4, and LHFPL5 
were down-regulated (Figure 2A).

Correlation analyses revealed that LHFPL2 and 
LHFPL6 showed the highest correlation coefficients 
among all the LHFPLs (Figure 2B). The association 
between LHFPL expression and tumor stage (GEPIA2 
database) is shown in Figure 2C–H. GEPIA2 analysis 
showed that the expression of LHFPL2 and LHFPL6 was 
positively correlated with pathological stage (P = 0.0204 
and P = 0.00266, respectively). Furthermore, TCGA data 
showed that LHFPL2, LHFPL3, and LHFPL5 were highly 
expressed in GC tumor tissues (Figure 2I).

The areas under the ROC curve (AUCs) depicting the 
accuracy of LHFPL2 and LHFPL6 expression in distinguish-
ing among different pathological stages of GC were 0.506 and 
0.513 (stage I vs stage II), 0.607 and 0.681 (stage I vs stage III), 
0.487 and 0.570 (stage I vs stage IV), 0.627 and 0.630 (stage II 
vs stage III), 0.619 and 0.623 (stage II vs stage IV), and 0.525 
and 0.553 (stage III vs stage IV), respectively (Figure 2J).

Cox Regression Analysis in GC
The univariate Cox regression analysis showed that OS and 
PFS were negatively correlated with T, N, and M stages (OS: 
HR = 1.719, 1.925, and 2.254, respectively; P=0.011, 0.002, 
and 0.004, respectively; PFS: HR = 1.705, 1.640, and 2.224, 
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Figure 2 Expression of LHFPLs in gastric cancer (GC). (A) Differences in the expression of LHFPLs between different types of human cancers. (B) Correlation analyses 
among LHFPLs. (C–H) Association between the expression of LHFPLs and the pathological stages of GC, examined using the GEPIA database. (I) Expression of LHFPLs in 
normal and tumor tissues based on TCGA-STAD data. (J) TCGA-based receiver operating characteristic (ROC) curves demonstrating the value of LHFPL2 and LHFPL6 in 
distinguishing between different pathological stages of GC. *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviation: NS, no significance.
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respectively; P = 0.018, 0.022, and 0.012, respectively). 
Further, univariate analysis also revealed that a high expres-
sion of LHFPL6 was related with poor OS (HR = 1.522; 
P = 0.013) (Figure 3A) and a high expression of LHFPL1, 
LHFPL5, and LHFPL6 was related with poor PFS 
(HR = 1.508, 1.504, and 1.404, respectively; P = 0.024, 
0.025, and 0.049, respectively) (Figure 3C). Multivariate 
Cox regression analysis showed that PFS was negatively 
correlated with N and M stages (HR = 1.719 and 2.048, 
respectively; P = 0.019 and 0.015, respectively) and that 
a high expression of LHFPL6 was related with poor OS and 
PFS (HR = 1.496 and 1.458, respectively; P = 0.031 
and 0.046, respectively) (Figures 3B and D). Both univariate 
and multivariate analyses revealed that a high expression of 
LHFPL6 was associated with poor OS (HR = 1.522 and 1.496, 
respectively; P = 0.013 and 0.031, respectively) and PFS 
(HR = 1.404 and 1.458, respectively; P = 0.049 and 0.046, 
respectively) (Figure 3A–D). Taken together, the data indi-
cated that LHFPL6 expression was closely related to survival 
among GC patients.

Relationship of LHFPL6 mRNA 
Expression with GC Patient Survival
To evaluate the association of LHFPL6 expression 
levels with GC patient survival, we employed the 

GEPIA and Kaplan–Meier plotter databases. As indi-
cated in Figure 4A–D, we observed lower rates of OS 
(Log rank test, P = 0.019) and DFS (Log rank test, 
P=0.044) in the high LHFPL6 expression group than in 
the low LHFPL6 expression group. Survival curves 
drawn using Kaplan–Meier plotter data suggested that 
the OS (Log rank test, P = 3.8e-05) and PPS (Log rank 
test, P = 5.2e-05) were remarkably higher in patients 
with low LHFPL6 expression.

In addition, we also analyzed TCGA-STAD data 
independently. As shown in Figure 4E–H, high 
LHFPL6 expression levels in GC patients were asso-
ciated with low rates of OS (Log rank test, P = 0.016), 
DSS (Log rank test, P = 0.18), DFI (Log rank test, 
P = 0.042), and PFI (Log rank test, P = 0.065).

Patients from the TCGA-STAD cohort were divided 
into high- and low-risk groups based on the median 
expression levels of LHFPL6 (Figure 4I). Survival 
duration in the low-risk group was longer than that 
in the high-risk group (P < 0.05). Finally, based on 
TCGA-STAD data, the expression levels of LHFPL6 
were used to predict the OS of GC patients. The 
AUCs for predicting 1-, 3-, and 5-year survival were 
0.577, 0.628, and 0.663, respectively (Figure 4J).

Figure 3 Univariate and multivariate Cox regression analysis of LHFPLs expression, and clinicopathological factors related to gastric cancer (GC) prognosis. Hazard ratios 
and P-values are shown. (A) Univariate forest plot illustrating the expression of LHFPLs and the clinicopathological factors related to Overall Survival (OS) in GC. (B) 
Multivariate forest plot showing LHFPL2 and LHFPL6 expression and the clinicopathological factors related to OS in GC. (C) Univariate forest plot illustrating the expression 
of LHFPLs and the clinicopathological factors related to Progression-Free Survival (PFS) in GC. (D) Multivariate forest plot showing LHFPL1, LHFPL5, and LHFPL6 expression 
and the clinicopathological factors related to PFS in GC.
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Figure 4 Comparison of survival between patients showing high vs low LHFPL6 expression using Kaplan–Meier curves based on three probe sets from the Gene Expression Profiling 
Interactive Analysis (GEPIA) and Kaplan–Meier plotter databases. (A) Overall survival (OS) based on the GEPIA database. (B) Disease-free survival (DFS) based on the GEPIA database. 
(C) OS based on the Kaplan–Meier plotter database. (D) Post-progression survival (PPS) based on the Kaplan–Meier plotter database. (E–H) OS, disease-free interval (DFI), disease- 
specific survival (DSS), and progression-free interval (PFI) based on The Cancer Genome Atlas-STAD database. (I) Risk score curves. Patients were divided into low- and high-risk 
groups according to their median LHFPL6 expression. The relationship between survival status and survival duration (years) is illustrated. The horizontal coordinates all represent 
samples, and the samples are ordered consecutively. (J) Kaplan–Meier survival analysis and time-dependent receiver operating characteristic analysis based on LHFPL6 expression.
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Expression Levels of LHFPL6 in GC and 
Clinicopathological Parameters in 
Patients with GC
Using both Western blotting and ELISA, we observed 
that LHFPL6 was over-expressed in GC cells and tissue 
(Figure 5A–D). The different intensities of IHC staining 
are shown in Figure 5E. The mean H-SCORE for 
LHFPL6 expression in GC cancer tissue was 97.5 ± 
18.79, while that for paracancerous tissue was 8.26 ± 
2.92 (Figure 5F). We observed that LHFPL6 mRNA 
was over-expressed in GC tissue (Figure 5G–I). Then, 
we studied the relationship between LHFPL6 mRNA 
expression and clinicopathological features in GC 
patients, including age, race, sex, histologic grade, pri-
mary therapy outcome, and T/N/M stage (Figure 5J–Q). 
As shown in Figure 5P, the mRNA expression of 
LHFPL6 was significantly correlated with T stage. The 
lowest mRNA levels of LHFPL6 were observed at the T1 
stage (P < 0.05, P < 0.01, P < 0.001).

Analysis of the Potential Functions of 
LHFPL6
GENEMANIA and its functional association data revealed 
the neighboring genes of LHFPL6; the shared physical 
interactions, co-expression, co-localization, pathways 
involved, genetic interactions, and shared protein domains 
were also identified (Figure 6A). We constructed 
a protein–protein interaction network (PPI) based on 
TCGA-STAD data to further identify genes co-expressed 
with LHFPL6 and obtained a total of 172 genes whose 
expression was positively correlated with that of LHFPL6 
(Figure 6B and C). LHFPL6 and related genes were 
imported into the Metascape database to conduct enrich-
ment analysis, and the results showed that LHFPL6 may 
be involved in the following: “Wnt signaling pathway”, 
“TGF-beta signaling pathway”, “Regulation of actin cytos-
keleton”, “Proteoglycans in cancer”, “PI3K/Akt signaling 
pathway”, “Focal adhesion”, “ECM–receptor interaction”, 
“extracellular structure organization”, and “extracellular 
matrix organization” (Figure 6D and E). Subsequently, 
we calculated the correlation between LHFPL6 expression 
and that of six epithelial–mesenchymal transition (EMT)- 
related factors and found a significant positive correlation 
between LHFPL6 expression and TGFB1, MMP2, MMP9, 
CDH2, and VIM expression. We also found a significant 
negative correlation between LHFPL6 expression and 
CDH1 expression (Figure 6F).

Because enrichment analyses suggested that LHFPL6 
may be associated with the activation of the EMT pheno-
type, we proceeded with analyses at the single-cell level. 
We found that LHFPL6 was mainly expressed in fibro-
blasts, which are important players in EMT (Figure 6G–I). 
This was consistent with our earlier findings. We also 
observed that cells expressing LHFPL6 tended to express 
genes related to EMT as well as angiogenesis (Figure 6J). 
In summary, these results suggested that LHFPL6 may be 
involved in EMT-related pathways.

Construction of ceRNA Network Based 
on LHFPL6 Expression
All mRNAs, lncRNAs, and miRNAs that showed differen-
tial expression between LHFPL6 high vs low expression 
groups were identified (Figure 7A–C). The expression heat 
maps of 15 lncRNAs, miRNAs, and mRNAs with the most 
significant differences (highest P-values) are shown in 
Figure 7D–F. In total, 202 lncRNA–miRNA pairs including 
47 lncRNAs and 23 miRNAs were identified through the 
starBase database. Subsequently, 885 DEmRNAs were 
identified across all target genes based on the 23 previously 
identified miRNAs obtained from the three prediction data-
bases. Finally, we constructed a ceRNA network based on 
lncRNA–miRNA and mRNA–miRNA pairs, which 
included 885 mRNAs, 23 miRNAs, and 47 lncRNAs 
(Figure 7G). Enrichment results for the whole network are 
presented in Figure 7H–K. The DERNAs participating in 
the network were particularly enriched in the “regulation of 
transcription”, “focal adhesion”, “Wnt signaling pathway”, 
and “pathways in cancer” (Figure 7H–K). Further enrich-
ment analysis of the top 10 hub RNAs revealed that the 
network may be involved in cell proliferation, immune 
response, and EMT (Figure 7L).

To further determine the prognostic value of the 
ceRNA network in GC, we analyzed the expression levels 
of hub RNAs from the triple regulatory network in cancer-
ous and adjacent normal stomach tissues using STAD data. 
We found three upregulated miRNAs (hsa-miR-4645-3p, 
hsa-miR-203a-3p, and hsa-miR-4728-3p) in GC 
(Figure 8A–O). Then, Kaplan–Meier analysis and Log 
rank tests were conducted to perform OS analysis using 
the STAD cohort. A total of two miRNAs (hsa-miR-199a- 
5p and hsa-miR-203a-3p) were found to be associated with 
prognosis after excluding miRNAs whose expression 
levels were too low to be analyzed (Figure 8P–U).
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Figure 5 Expression levels of LHFPL6 in gastric cancer (GC), and the mRNA expression of LHFPL6 in different sample types and patients with different clinicopathological 
characteristics. (A and B) Differential expression of LHFPL6 in normal gastric epithelial cells and GC cells.(C and D) Western blots demonstrating LHFPL6 protein 
expression in cancerous tissues and adjacent non-cancerous tissues.(E) Representative images of tissues with different LHFPL6 immunohistochemical staining intensities.(F) 
Statistical comparison of LHFPL6 expression levels (H-SCORE) between paracancerous and GC tissue (n=10).(G–I) mRNA expression of LHFPL6 in gastric cancer (GC) vs 
normal gastric tissue, obtained based on three independent GSE datasets. (J–Q) Association of LHFPL6 expression with age, sex, race, histologic grade, T/N/M stage, and the 
primary treatment outcome of GC patients. *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviation: NS, no significance.
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Figure 6 Protein–protein interaction network and enrichment analysis. (A) LHFPL6 and its neighboring genes; physical interactions, co-expression patterns, predicted expression, co- 
localization, pathways, genetic interactions, and shared protein domains are illustrated. (B) Volcano map of genes differentially expressed in response to changes in LHFPL6 expression. 
Red dots represent upregulated genes, and blue dots represent downregulated genes. The abscissa indicates variations in gene expression between different samples (log2 fold change), 
and the ordinate indicates the significance of the differences (−log10 padj). (C) Network of LHFPL6 and the genes that show a positive correlation with its expression, based on the 
GeNets database. (D and E) Gene ontology (GO) and Kyoto Encyclopedia of Genes Pathway (KEGG) enrichment analysis of differentially expressed genes.(F) Relationship between 
LHFPL6 and six EMT-related factors. (G) Uniform manifold approximation and projection (UMAP) plots showing the expression of LHFPL6 clusters. (H) UMAP plots showing the 
landscape of gastric cancer cells. Nine cell clusters were identified across 56,440 cells after quality control, dimensionality reduction, and clustering. (I) Violin plots for gastric cancer cell 
cluster marker genes and LHFPL6 across different cell types. The expression is measured as log 2 (TP10K+1). (J) Enrichment score for genes in the Hallmark hypoxia gene set of each cell, 
obtained using gene set variation analysis.
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Figure 7 Analysis of upstream events associated with LHFPL6 overexpression in gastric cancer (GC). (A–C) Volcano plots and heatmaps showing DElncRNAs, DEmiRNAs, 
and DEmRNAs in GC samples with high vs low LHFPL6 expression. Red represents upregulated genes and blue represents downregulated genes. The volcano plots describe: 
(A) DElncRNAs (|log2 fold change| > 0.5 and adjusted P-value < 0.05). (B) DEmiRNAs (|log2 fold change| > 0.5 and adjusted P-value < 0.05). (C) DEmRNAs (|log2 fold 
change| > 0.5 and adjusted P-value < 0.05). (D–F) The horizontal axis of the heatmap indicates the samples, and the vertical axis indicates the 15 significant differentially 
expressed genes (DEGs). (G) ceRNA network based on DEGs. (H–K) Biological Processes (BP), Cellular Components (CC), Molecular Functions (MF), and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis for ceRNA network members. (L) Enrichment analysis for all hub miRNAs.
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Association Between LHFPL6 
Overexpression and EMT
We further conducted in vitro experiments to validate the 
association between LHFPL6 and EMT. First, LHFPL6 

expression was validated after the stable transfection of 
the LHFPL6 constructs in HGC27 cells using Western 
blots and GFP expression (Figure 9A) (P < 0.05, P < 
0.01). We observed that LHFPL6 knockdown decreased 

Figure 8 Expression of differential hub-miRNAs. (A–O) Hub-miRNA expression in stomach adenocarcinoma (STAD) and adjacent normal stomach tissue. (P–U) Kaplan– 
Meier curves for overall survival in gastric cancer patients based on expression levels of Hub-miRNAs. ***P < 0.001.
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HGC27 cell migration, invasion, and clone formation capa-
city (Figure 9B and C). Next, we detected EMT-associated 
markers in the control, NC, LHFPL6 knockdown, and 
LHFPL6 overexpression groups. LHFPL6 silencing upre-
gulated E-cadherin and downregulated TGFβ1, MMP2, 
MMP9, N-cadherin, and vimentin. In contrast, the over-
expression of LHFPL6 caused an opposite trend in the 
expression of these markers in HGC27 cells (Figure 9D 
and E). Taken together, these results suggest that LHFPL6 
regulates EMT in HGC27 cells.

Immune Microenvironment Analysis
We attempted to explore the possible molecular mechanism 
underlying the involvement of immune cell infiltration in the 
pathogenesis of GC. First, we assessed the proportion of 
tumor-infiltrating immune cell subsets based on TCGA- 
STAD data using the CIBERSORT algorithm. Twenty-two 
immune cell profiles for GC samples were constructed to 
detect the influence of LHFPL6 expression on immune cells 
(Figure 10A). We observed that the expression level of 
LHFPL6 correlated with the infiltration abundance of activated 
memory CD4+ T cells, follicular helper T cells, memory 
B cells, activated mast cells, monocytes, neutrophils, activated 
myeloid dendritic cells, M2 macrophages, and resting mast 
cells (P < 0.05) (Figure 10B). Further, the ssGSEA algorithm 
was used to calculate the correlation between LHFPL6 expres-
sion and the degree of infiltration of several immune cells 
(Figure 10C).

To evaluate the immunotherapy responses based on 
LHFPL6 expression, we explored the correlation of LHFPL6 
levels with those of common immune checkpoints (ICPs), 
such as CD274, CTLA4, HAVCR2, LAG3, PDCD1, 
PDCD1LG2, TIGIT, and SIGEC15. We found a high expres-
sion of ICPs in the high LHFPL6 expression group 
(Figure 10D). The relationship between LHFPL6 and ICPs is 
shown in Figure 9E. The box plots in Figure 9F demonstrate 
the distributions of all immune subsets based on LHFPL6 
copy number status.

Relationship Between LHFPL6 and M2 
Macrophage Abundance
Considering that LHFPL6 appeared to be associated with 
the abundance of M2 macrophages, we further assessed 
the relationship between LHFPL6 expression and macro-
phage abundance using the GSE29272 and GSE13861 
datasets. After excluding normal samples from these two 

datasets, 22 immune cell profiles for GC samples were 
obtained (Figure 11A and C). Further investigations 
showed that in GSE29272, LHFPL6 expression levels 
were independent of M0 and M1 macrophage abundance 
but positively correlated with M2 macrophage abundance 
(Figure 11B). In GSE13861, LHFPL6 expression levels 
were not correlated with M0 macrophage abundance, but 
they were negatively correlated with M1 macrophage 
abundance and positively correlated with M2 macrophage 
abundance (Figure 11D). Finally, we calculated the corre-
lation of LHFPL6 with M1 and M2 surface markers using 
the online TIMER database and found that LHFPL6 
expression was significantly and positively correlated 
with that of MRC1 (CD206) (R = 0.439, P < 1.6e-32) 
and CD163 (R = 0.462, P < 1.6e-32) (Figure 11E)—M2 
macrophage markers that are highly specific and inextric-
ably linked to tumor cell proliferation and metastasis. This 
series of results suggested the presence of a positive asso-
ciation between LHFPL6 expression and M2 macrophage 
infiltration. To further investigate the influence of LHFPL6 
overexpression on M2 macrophage abundance in GC, we 
established a tumor–macrophage co-culture model using 
a transwell non-contact co-culture unit (Figure 11F). We 
observed that LHFPL6 overexpression significantly up- 
regulated the surface markers of M2 tumor-associated 
macrophages (TAMs) (CD206 and CD163) in THP-1 
macrophages (Figure 11G–H).

Methylation and Mutation Analysis of 
LHFPL6
Considering the importance of methylation as an epige-
netic modification, we next investigated whether 
LHFPL6 expression levels were affected by LHFPL6 
DNA methylation in GC. Based on methylation data 
from TCGA-STAD cohorts, we observed that methyla-
tion observed using the probes cg07890490, 
cg01183053, cg01370014, cg08228917, cg09492086, 
and cg21284880 was negatively correlated with the 
expression of the LHFPL6 gene (Figure 12A). 
Subsequently, as shown in Figure 11B and C, we 
found that LHFPL6 promoter methylation was nega-
tively correlated with LHFPL6 gene expression. 
Survival curves based on LHFPL6 promoter methylation 
status revealed a significant association between 
LHFPL6 promoter hypomethylation and worse OS (P 
< 0.05), although no significant effect on DFI and DSI 
was observed (Figure 12D–F).
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We analyzed genetic alteration in LHFPL6 and their asso-
ciations with OS among GC patients. A total of 1213 samples 
from TCGA datasets across three studies were included for 

detecting the mutation frequency in GC. As shown in 
Figure 12G, the mutation rate of LHFPL6 was about 3%. 
The sites and types of mutations are shown in Figure 12H. 

Figure 9 Effect of LHFPL6 on cell invasion and migration and its relationship with epithelial–mesenchymal transition (EMT)-related proteins. (A) Validation of LHFPL6 
transfection efficiency in HGC-27 cells. (B) Representative image of cell clone formation. (C) Representative images of transwell migration and invasion (×200). The number 
of migrating and invading cells was quantified using five random microscopic fields for each treatment group. (D and E) After transfection, the expression of EMT-related 
proteins was evaluated using Western blot analysis. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 10 Correlation between LHFPL6 expression and the abundance of immune cell infiltration. (A) Percentage abundance of tumor-infiltrating immune cells in each 
sample, with different colors representing different types of immune cells. The abscissa represents the sample, and the ordinate represents the percentage of immune cells in 
a single sample. (B) Immune cell score heat map, where different colors represent expression trends in different samples, where the asterisk represents the degree of 
significance. The significance in the two groups of samples passed the Wilcox test. (C) Spearman correlation between LHFPL6 expression and 24 types of immune cells; 
positive correlation, red lollipop; negative correlation, blue lollipop. (D) Relationship between LHFPL6 expression and that of common immune checkpoints (ICPs). Red 
represents the LHFPL6 high expression group and blue represents the LHFPL6 low expression group (*P < 0.05, **P < 0.01, ***P < 0.001). (E) Relationship between LHFPL6 
expression and that of eight ICPs. Red lines represent positive correlations and blue lines represent negative correlations. (F) Association between copy-number variation in 
LHFPL6 and infiltrating immune cells. *P < 0.05, **P < 0.01, and ***P < 0.001.
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Figure 11 Immune landscape of gastric cancer (GC) samples with different levels of LHFPL6, and the relationship between LHFPL6 expression and M2 tumor-associated 
macrophage infiltration. (A) Proportion of 22 types of tumor-initiating cells (TICs) in GC samples based on GSE29272 data.(B) Correlation between LHFPL6 expression 
levels and macrophage abundance based on GSE29272 data. (C) Proportion of 22 types of TICs in GC tumor samples based on GSE13861 data.(D) Correlation between 
LHFPL6 expression levels and macrophage abundance based on GSE13861 data. (E) Correlation of LHFPL6 expression levels with M2 macrophage markers. (F) Schematic 
diagram showing the tumor–macrophage co-culture system. (G) Double immunofluorescence staining for CD206 (green) and CD163 (red), which are specific markers of 
M2 macrophages; nuclei are stained with DAPI (blue). (H) Immunofluorescence intensities expressed as mean intensity ± SD. *P < 0.05, **P < 0.01.
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Figure 12 Analysis of LHFPL6 methylation in gastric cancer (GC). (A) Waterfall plot for the methylation levels of the LHFPL6 gene. The correlations between LHFPL6 methylation and 
expression levels were also analyzed. (B and C) Pearson’s correlation coefficient (B) and Spearman correlation coefficient (C) for the relationship between LHFPL6 promoter 
methylation levels and LHFPL6 expression levels. Association of LHFPL6 promoter methylation with (D) Overall Survival (OS), (E) Disease-Free Interval (DFI), and (F) Progression-Free 
Interval (PFI) in patients with GC. (G) Frequencies of LHFPL6 mutations and copy number alternations (CNA) in the three datasets. (H) The mutation site profile of the LHFPL6 gene is 
shown. (I and J) OS and PFS analyses according to the mutation status of the LHFPL6 were performed.
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Furthermore, Kaplan–Meier analysis showed that mutations in 
LHFPL6 were associated with longer OS (P = 0.0245) in GC 
patients (Figure 12I) but had no effect on PFS (Figure 12J). 
These results implied that genetic alterations in LHFPL6 could 
also affect patient prognosis in GC and that patients with 
mutated LHFPL6 might have a better OS.

Finally, survival analysis based on methylation sites 
was conducted to screen for methylation markers with 
a prognostic value in GC. As shown in Figure S1, hypo-
methylation at cg07890490, cg03173528, cg01370014, 
ch.13.470465F, cg27490391, cg01183053, cg08228917, 
cg14238838, cg10566012, cg21284880, cg05664833, 
cg09492086, cg03094555, and cg02566789 in the 
LHFPL6 gene was correlated with a poor prognosis. 
These results were consistent with our previous survival 
analysis.

Discussion
GC is currently one of the most prevalent and lethal 
tumors in the world, and it causes a serious economic 
burden.40 Increasing attention is being focused on finding 
effective therapeutic targets and sensitive biomarkers in 
order to improve the 5-year survival and quality of life in 
GC patients. LHFPL6, a member of the LHFP family, was 
first identified as the translocation partner of HMGA2 in 
benign lipomas.7 Numerous studies have shown that 
HMGA2 plays an important role in the occurrence and 
malignant progression of GC.11,41 Therefore, it is possible 
that LHFPL6 and other members of the LHFP family 
could be involved in the progression of GC. Therefore, 
we speculated that LHFPLs may be involved in GC pro-
gression, and accordingly, we performed a series of pre-
liminary data mining studies.

We included six members of the LHFP-like family in 
the Cox regression model and found that LHFPL6 may be 
an independent prognostic factor in patients with GC. 
Therefore, we focused our investigation on LHFPL6. 
Results from multiple datasets suggested that LHFPL6 
may be highly expressed in GC, and TCGA-STAD cohort 
data suggested that patients with high LHFPL6 expression 
had lower survival rates. In the present study, we identified 
remarkable differences in LHFPL6 protein expression 
levels between gastric epithelial cells and GC cells. IHC 
and Western blots confirmed that LHFPL6 protein expres-
sion was remarkably elevated in GC tissues. We therefore 
hypothesized that LHFPL6 may be involved in the pro-
gression of GC and preliminarily explored the potential 

molecular mechanisms of LHFPL6 involvement in this 
process.

Accordingly, we constructed a PPI network centered 
around LHFPL6 as the core gene and found an association 
between the expression of LHFPL6 and PDGFRB, which 
increases the growth and survival of tumor cells and pro-
motes their migration and invasion. PDGFRB has been 
found to be a potential prognostic factor for GC.42 We 
then screened for genes showing a positive correlation 
with LHFPL6 using the TCGA-STAD database. The 
enrichment analysis suggested that LHFPL6 and these 
genes may be involved in multiple pathways related to 
focal adhesion and the extracellular matrix, which are 
closely related to EMT.43 EMT is also associated with 
the transformation of early non-invasive tumors into 
aggressive malignant tumors.44 We found that in the 
majority of GC cases, a subset of fibroblasts expressed 
LHFPL6. Fibroblasts located within or near the tumor 
mass are also known as cancer-associated fibroblasts 
(CAFs). Fibroblasts can be subdivided into different sub-
sets. For example, muscle fibroblasts are considered 
a subset of activated fibroblasts.45 A large number of 
studies have demonstrated that CAFs participate in the 
EMT of tumor cells by secreting several growth factors, 
chemokines, and matrix metalloproteinase.46 Interestingly, 
we found that the cells expressing LHFPL6 were enriched 
for EMT genes, consistent with recently reported results. 
These findings suggested that LHFPL6 may be one of the 
important players in EMT.

Numerous studies suggest that networks mediated by 
lncRNAs, microRNAs, and mRNAs play an important role 
in tumorigenesis and development.47,48 Herein, a ceRNA 
based on LHFPL6 expression was constructed to further 
explore the possible mechanistic regulation of LHFPL6. 
Enrichment analysis of the ceRNA network indicated that 
the network was involved in regulating tumor-related path-
ways such as blood vessel development, responses to 
growth factors, and pathways in cancer. Interestingly, 
across the ceRNA network, two hub RNAs were found 
to be significantly associated with the prognosis of GC 
patients. It has been demonstrated that miR-199a-5p func-
tions as an oncogene by expediting metastasis and also 
modulates EMT in GC.49,50 In contrast, hsa-miR-203a-3p 
acts as a GC suppressor.51 These findings revealed 
a complex mechanism underlying the functional contribu-
tion of LHFPL6 to GC. Furthermore, our in vitro study 
also confirmed that LHFPL6 overexpression or knock-
down could significantly facilitate or suppress the EMT 
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phenotype, respectively. These results together indicate 
that LHFPL6 is an important player in the process of EMT.

In recent years, immunotherapy has improved the sur-
vival of patients with advanced GC.52,53 Considering that 
immune cells, including tumor-infiltrating lymphocytes, 
TAMs, dendritic cells, and myeloid-derived suppressor 
cells,54 are important components of the immune micro-
environment, we further evaluated TCGA-STAD data 
using the CIBERSORT algorithm to explore the relation-
ship between LHFPL6 and immune cell infiltration. We 
found a high abundance of infiltrating follicular helper 
T cells, activated mast cells, monocytes, M2 macrophages, 
and resting mast cells. In addition, we found that the 
expression levels of LHFPL6 were positively correlated 
with those of some ICPs, suggesting that LHFPL6 plays 
a key role in the regulation of immune-affected cells and 
GC patients with higher LHFPL6 expression levels may 
benefit more from immunotherapy.

M2 macrophages, which also act as TAMs in the 
immune microenvironment, have been extensively studied 
for their key role in tumor progression, which affects the 
growth and metastasis of tumors.55 Several studies have 
shown that TAMs can have a positive effect on cancer- 
promoting factors in malignant tumors and create 
a microenvironment that supports metastasis and EMT.56 

We evaluated the correlation between LHFPL6 and macro-
phage infiltration abundance based on the GSE29272 and 
GSE13861 datasets and found that LHFPL6 levels were 
significantly and positively correlated with M2 macro-
phage abundance. Correlation analysis based on the 
TIMER database also showed that LHFPL6 was positively 
correlated with the M2 macrophage markers MRC1 
(CD206) and CD163. In a tumor–macrophage co-culture 
system, we verified that LHFPL6 promotes the expression 
of the M2 macrophage surface markers CD163 and CD206 
(MRC1). These results indicated that LHFPL6 may be 
associated with M2 macrophage activation.

DNA methylation and mutations are closely associated 
with the development of GC.57,58 In the current study, we 
found that patients with mutations in the LHFPL6 gene had 
a higher OS rate. Further, hypomethylation at several LHFPL6 
loci (cg21284880, cg09492086, cg08228917, cg01370014, 
cg01183053, and cg07890490) and hypermethylation at sev-
eral other loci (cg08530065, cg06956125, cg02566789, 
cg08085029, cg14238838, and cg19859781) were associated 
with high LHFPL6 expression and poor survival outcomes. As 
methylation of the DNA promoter region is the main focus of 
current research and is significantly associated with the 

inactivation of certain oncogenes, we analyzed the relationship 
between LHFPL6 promoter methylation and LHFPL6 expres-
sion levels and found a negative correlation between the two. 
Furthermore, GC patients with hypomethylation at the 
LHFPL6 promoter showed a lower OS rate, suggesting that 
LHFPL6 promoter methylation plays a role in GC progression.

It must be noted that the results of our study are only 
preliminary. Efforts are currently underway to collect a large 
number of GC samples from patients for whom long-term 
follow up and clinical information is available. This will help 
us better determine the prognostic value of LHFPL6 in GC. 
Moreover, the exact mechanistic role of LHFPL6 in GC is 
being intensively investigated in our laboratory and will be 
further detailed in follow-up research articles.

Conclusion
Our findings suggest that the overexpression of 
LHFPL6 is associated with several clinicopathological 
features and a poor prognosis in GC and is an indepen-
dent prognostic factor for GC. LHFPL6 may be an 
important player in the complex gene regulatory 
mechanisms that drive GC through processes such as 
EMT and M2 macrophage infiltration. In addition, 
hypomethylation of the LHFPL6 gene is associated 
with high LHFPL6 expression and a poor clinical prog-
nosis. However, our study has a few limitations. First, 
in vivo experimental evidence was limited, and most of 
the data analyzed in this study came from online data-
bases. Moreover, the clinical sample size examined in 
this study was small, and further studies with more 
samples are needed to validate our findings. 
Nevertheless, our findings provide exciting novel clues 
that lay the foundation for more focused studies aimed 
at elucidating the molecular mechanisms related to 
LHFPL6 involvement in GC.
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