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Background: Lung cancer (LC) is a leading cause of cancer-associated mortality worldwide, with high 
incidence and mortality rates. Ly6/PLAUR domain containing 3 (LYPD3) is a tumorigenic and highly 
glycosylated cell surface protein that has been rarely reported in LC. This study aimed to explore the 
prognostic role and immune cell infiltration of LYPD3 in LC.
Methods: We used ExoCarta, a database of exosomal proteins and RNA, to select exosomes in LC. The 
Tumor Immune Estimation Resource (TIMER) and Human Protein Atlas (HPA) databases were utilized 
to compare the expression of LYPD3 in LC. We applied Gene Expression Profiling Interactive Analysis 2 
(GEPIA2) and Kaplan-Meier (KM) plotter to evaluate the prognostic prediction performance of LYPD3. 
Biological processes (BPs), Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses, and 
gene set enrichment analysis (GSEA) analyses were performed to illustrate the possible role of LYPD3 in 
LC. The correlations between LYPD3 and immune cell infiltration were explored using Tumor and Immune 
System Interaction Database (TISIDB), GEPIA2, and TIMER. R software was used for statistical analysis 
and mapping.
Results: A total of 904 exosome molecules were screened in LC. Further analysis showed that the up-
regulation of LYPD3 in these 904 exosome molecules was associated with poor prognosis in LC. Pan-cancer 
analyses revealed that the expression of LYPD3 varied in many cancers, particularly in LC. Clinical correlation 
analysis indicated that LYPD3 was associated with stage and T classification in LC. We observed that LYPD3 
co-expression genes were associated with cell cycle, DNA replication, proteasome, and regulation of the actin 
cytoskeleton by GSEA. Moreover, LYPD3 was associated with immune modulators. Immunophenoscores 
(IPS) and IPS-CTLA4 were significantly different between the high LYPD3 group and low LYPD3 group. 
Additionally, the median half maximal inhibitory concentration (IC50) of bexarotene, cyclopamine, etoposide, 
and paclitaxel in LYPD3 high group was significantly lower than that in LYPD3 low group.
Conclusions: LYPD3 is involved in many BPs of LC, such as regulating immune cell infiltration 
and affecting prognosis. Therefore, LYPD3 may have potential value as a biomarker for prognosis and 
immunotherapy in LC.
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Introduction

Lung cancer (LC) is a prevalent malignancy with high 
morbidity and mortality rates (1-3). Its two primary 
pathological classifications are non-small-cell lung carcinoma 
(NSCLC) and small-cell lung carcinoma (SCLC) (4). Early 
symptoms of LC are often non-specific, resulting in delayed 
diagnosis and treatment (5). As such, early detection is 
critical for improving disease-free survival (DFS) and overall 
survival (OS) (6,7). While low-dose computed tomography 
can reduce mortality by 20% (8), identifying a biomarker 
for early screening would be more convenient and effective. 
The discovery of effective biomarkers can aid in diagnosis 
and prognosis prediction, ultimately reducing LC-induced 
mortality. Thus, the identification of a biomarker for LC 
detection is of utmost importance.

C4.4A [Ly6/PLAUR domain containing 3 (LYPD3)] 
is a cell surface protein implicated in tumorigenesis and 
metastasis (9-12). LYPD3 has been shown to be highly 
expressed in colorectal cancer, breast cancer, and renal cell 
carcinoma, with stronger expression in metastatic tissues 
(13-15). Jacobsen et al. investigated the association between 
LYPD3 and tumorigenesis, suggesting a potential role 
in tumor invasion and metastasis (16). LYPD3 has been 
demonstrated to influence cancer initiation, progression, 
and chemoresistance in metastatic cancers by affecting 
tumor proliferation and apoptosis, which is associated with 
many important regulatory mechanisms of cancer (17,18). 
The expression of LYPD3 has been linked to the occurrence 
of LC and poor prognosis (17,19,20). However, few reports 

have explored the relationship between LYPD3 and LC, 
particularly regarding its potential as a biomarker for LC.

In our study, we conducted a comprehensive analysis of 
various databases to demonstrate the differential expression 
and prognostic characteristics of LYPD3 in LC. We also 
investigated its potential biological functions and elucidated 
its relevance in tumor immune infiltration. Our findings 
highlight the clinical value and prognostic significance 
of LYPD3 in LC, providing a theoretical and molecular 
basis for future clinical and basic research. We present 
this article in accordance with the REMARK reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-23-1557/rc).

Methods

Data gathering and screening

We collected RNA-seq data from 541 LC samples and  
59 normal samples from The Cancer Genome Atlas (TCGA) 
database (https://portal.gdc.cancer.gov/). The Gene 
Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.
gov/geo/) was also used to evaluate the OS of LYPD3 in LC. 
ExoCarta (http://www.exocarta.org/) was used to screen for 
exosome molecules in LC. Additionally, the Human Protein 
Atlas (HPA; https://www.proteinatlas.org/) was utilized 
to compare the LYPD3 protein expression in normal and 
tumor tissues in LC by using immunohistochemistry (IHC) 
data. This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Pan-cancer expression of LYPD3 analysis

The Tumor Immune Estimation Resource (TIMER) 
database mainly covers 10,897 samples from the TCGA 
database. We used this database to analyze the pan-
cancer expression of LYPD3. The Wilcox test was used to 
determine whether the difference was significant.

Prognostic analysis

Gene Expression Profiling Interactive Analysis 2 (GEPIA2) 
database was used to analyze the messenger RNA (mRNA) 
expression of target genes in tumor and normal tissues 
interactively (21). This study aimed to determine the 
relationship between LYPD3 expression and prognosis 
of LC. The Kaplan-Meier (KM) plotter database is 
a web-based database that can predict the prognostic 
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characteristics of many cancers (22). We used this database 
to explore the association between LYPD3 expression and 
LC survival. The results were displayed using survival 
curves and log-rank P and hazard ratio (HR).

Functional enrichment analysis

To explore LYPD3-related functional and pathway 
enrichment, we performed Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses 
using the R package “Clusterprofiler”. We also performed 
gene set enrichment analysis (GSEA) using GSEA  
software (23). The thresholds are set to P value <0.05 and 
|fold change (FC)| >1.5.

Immune cells infiltration analysis

The relative scores of LYPD3 in 28 subtypes of human 
immune cells were studied quantitatively by single-sample 
GSEA (ssGSEA) based on the R package “GSVA”. The 
fraction of 22 kinds of infiltrating immune cells of LC were 
also evaluated by using R software package “CIBERSORT”. 
P value <0.05 means statistically significant.

Therapeutic analysis

The immunophenoscores (IPS) of LC were downloaded 
from The Cancer Immunome Atlas (TCIA) database (24).  
Then, the IPS values of high LYPD3 group and low 
LYPD3 group in different immunotherapy methods were 
compared to predict immunotherapy sensitivity. The half 
maximal inhibitory concentration (IC50) values for the 
most commonly used chemotherapy drugs were calculated 
using the R package “pRRophetic”. Drug sensitivity was 
compared between the high LYPD3 group and the low 
LYPD3 group. The statistically significant differences were 
tested using the Wilcox test.

Statistical analysis

R software (version 3.6.1) was used for all statistical analyses. 
Survival curves were plotted by the KM plotter with the 
log-rank test. Wilcoxon test was used to compare the two 
groups. Chi-square test was used to analyze the correlation 
between immune checkpoint inhibitor (ICI) score group 
and tumor mutational burden (TMB). Spearman analysis 
was used to calculate the correlation coefficient. P value 
<0.05 was considered significant.

Results

Screening for exosome molecules LYPD3 that affect the 
prognosis of LC

To investigate the impact of exosome molecules on LC, 
we utilized the ExoCarta database to compare 1,769 
mRNAs and 5,401 proteins, screening 904 exosome genes  
(Figure 1A ) .  Subsequent cluster analysis  of  these  
904 genes (Figure 1B,1C) revealed high expression of  
116 mRNA and low expression of 38 mRNA [log2FC >1, 
false discovery rate (FDR) <0.05]. We then selected genes 
with |log2FC| ≥3 among the differentially expressed genes 
for prognostic analysis using GEPIA. Our results showed 
that high expression of LYPD3 was significantly associated 
with poorer OS (HR =1.9; P value =7.1e−5), indicating that 
LYPD3 may affect OS in LC, as opposed to other genes 
(Figure 1D). Further analysis using the GEO database and 
KM plotter confirmed that high expression of LYPD3 was 
associated with worse prognosis in LC (HR =1.4; P=2.7e−8) 
(Figure 1E).

The expression of LYPD3 in LC

We evaluated the expression levels of LYPD3 in multiple 
human malignancies using samples from the TCGA 
database. Our analysis revealed that, compared to adjacent 
normal tissues, LYPD3 was upregulated in most cancers, 
including BRCA, CHOL, COAD, ESCA, PRAD, LIHC, 
LUAD, LUSC, READ, SKCMSTAD, and THCA, and 
downregulated in a few cancers such as HNSC, HNSC-
HPVKICH, KIRC, and KIRP (Figure 2A ;  TCGA 
study abbreviations: https://gdc.cancer.gov/resources-
tcga-users/tcga-code-tables/tcga-study-abbreviations). 
Immunohistochemical analysis of samples from the HPA 
database showed high staining of LYPD3 in LC specimens 
compared to non-LC tissues (Figure 2B). Analysis of  
59 normal samples and 541 LC samples from the TCGA 
database revealed that the expression level of LYPD3 in 
LC was significantly higher than that in normal tissues  
(Figure 2C). A paired test on normal tissues and LC tissues 
from 58 patient samples further confirmed the high 
expression of LYPD3 in LC (Figure 2D).

The relationship of LYPD3 with clinical pathological factors

We conducted a statistical analysis of the expression 
of LYPD3 in clinical pathological factors. Our results 
showed that upregulation of LYPD3 was associated with 

https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-study-abbreviations
https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-study-abbreviations
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Figure 1 Screening for exosome molecules in LC. (A) Screening of 904 exosome genes using the ExoCarta database. (B) Cluster analysis of 
904 genes (log2FC >1, FDR <0.05). (C) Volcano plots analysis of 904 genes (log2FC >1, FDR <0.05). (D) Differentially expressed genes for 
prognostic analysis using GEPIA. (E) Correlation between LYPD3 and prognosis using GEO. mRNA, messenger RNA; FC, fold change; 
FDR, false discovery rate; LYPD3, Ly6/PLAUR domain containing 3; HR, hazard ratio; CI, confidence interval; LC, lung cancer; GEPIA, 
Gene Expression Profiling Interactive Analysis; GEO, Gene Expression Omnibus.

clinical stage, T classification, and N classification, but not 
significantly associated with gender, age, or M classification 
(Figure 3A). We also investigated the correlation between 
LYPD3 and the prognosis of LC patient subgroups 
classified by clinical pathological factors. Univariate Cox 
analysis revealed that LYPD3 (HR =1.223; P<0.001), 
clinical stage (HR =1.637; P<0.001), and T classification 
(HR =1.549; P<0.001) were significantly associated with LC 
prognosis (Figure 3B). Multivariate Cox analysis confirmed 
that, after adjusting for other clinical pathological factors, 
LYPD3 is an independent prognostic factor (Figure 3C).

Analysis of co-expressed genes and potential biological 
functions of LYPD3 in LC

We further screened out 531 positively correlated genes 

as high LYPD3 expression group, and 1,094 negatively 
correlated genes as low LYPD3 expression group, based 
on the median value of LYPD3 mRNA expression (log2FC 
>1 and FDR <0.05) (Figure 4A). GO analysis revealed that 
genes co-expressed with LYPD3 were mainly associated 
with epidermis development, skin development, and 
organic anion transport (in BP), transporter complex, 
apical plasma membrane, and transmembrane transporter 
complex [in cellular component (CC)], channel activity, 
passive transmembrane transporter activity, and metal ion 
transmembrane transporter activity [in molecular function 
(MF)] (Figure 4B,4C). KEGG analysis showed that these 
genes were primarily related to neuroactive ligand-receptor 
interaction, MAPK signaling pathway, protein digestion 
and absorption, and adrenergic signaling in cardiomyocytes 
(Figure 4D). GSEA analysis of the relationship between 
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Figure 2 The expression of LYPD3 in LC. (A) Expression of LYPD3 in different TCGA-derived cancers illustrated through TIMER. 
TCGA study abbreviations: https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-study-abbreviations. (B) LYPD3 in both 
normal and LC tissues sourced from the HPA database (https://www.proteinatlas.org/). Image credit goes to the HPA. The links to the 
individual normal and tumor tissues of each protein are provided for LYPD3 (https://www.proteinatlas.org/ENSG00000124466-LYPD3/
pathology/lung+cancer; https://www.proteinatlas.org/ENSG00000124466-LYPD3/tissue/lung). (C) Expression of LYPD3 in LC from the 
TCGA database. (D) Expression of LYPD3 in LC from the TCGA database with paired test. *, P<0.05; **, P<0.01; ***, P<0.001. TPM, 
transcripts per million; LYPD3, Ly6/PLAUR domain containing 3; LC, lung cancer; TCGA, The Cancer Genome Atlas; TIMER, Tumor 
Immune Estimation Resource; HPA, Human Protein Atlas.
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LYPD3 co-expressed genes and KEGG pathways revealed 
that co-expressed genes were mainly related to cell 
cycle, DNA replication, proteasome, regulation of actin 
cytoskeleton, small cell LC, spliceosome, and steroid 
hormone biosynthesis (Figure 4E).

LYPD3 is associated with the degree of immune infiltration 
in LC

Previous bioinformatics analysis has confirmed a close 
relationship between LYPD3 and the immune response in 
LC. To further verify this relationship, we used TIMER 
to analyze the cell infiltration scores of immune cells in 

both high and low LYPD3 expression groups. Our results 
showed that, in the high LYPD3 expression group, cell 
infiltration in antigen-presenting cell (APC) co-inhibition, 
CC chemokine receptor (CCR), macrophages, major 
histocompatibility complex (MHC) class 1, natural killer 
(NK) cells, and parainflammation was significantly reduced, 
while cell infiltration in inflammatory dendritic cells (iDCs), 
mast cells, and T helper cells was significantly increased 
(Figure 5A). We also used the R package CIBERSORT 
to compare the distribution of 22 immune cells in the 
two LYPD3 groups and found that plasma cells, T cell 
CD4 memory resting, dendritic cells resting, and mast 
cells resting were more abundant in the low LYPD3 
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Figure 5 The correlation between LYPD3 and immune infiltration in LC. (A) Cell infiltration scores of immune cells in high LYPD3 
group and low LYPD3 groups by ssGSEA. (B) Cell infiltration fraction of immune cells in high LYPD3 group and low LYPD3 groups 
by R package CIBERSORT. (C) The correlation between LYPD3 and immune infiltration. (D-F) The correlation coefficient in LYPD3, 
macrophages M0 (D), T cell CD4 memory activated (E), and dendritic cells resting (F). *, P<0.05; **, P<0.01; ***, P<0.001. LYPD3, Ly6/
PLAUR domain containing 3; aDCs, activated dendritic cells; APC, antigen-presenting cell; CCR, CC chemokine receptor; DCs, dendritic 
cells; HLA, human leukocyte antigen; iDCs, inflammatory dendritic cells; MHC, major histocompatibility complex; NK, natural killer; 
pDCs, plasmacytoid dendritic cells; Tfh, follicular helper T; Th, helper T cell; TIL, tumor-infiltrating lymphocyte; Treg, regulatory T cell; 
IFN, interferon; LC, lung cancer; ssGSEA, single sample gene set enrichment analysis.

expression group, while T cell CD4 memory activated, 
NK cells resting, and macrophages M0/M1 were more 
abundant in the high LYPD3 expression group (Figure 5B). 
Correlation coefficient analysis of these 22 cells revealed 
that LYPD3 expression was positively correlated with cell 
infiltration of macrophages M0/M1, T cell CD4 memory 
activated, NK cells resting, T cells CD8 and other cells and 
negatively correlated with cell infiltration of dendritic cells 
resting, mast cells resting, T cell CD4 memory resting, 
macrophages M2, NK cells activated and plasma cells  
(Figure 5C). Further analysis showed that the expression 

of LYPD3 had a mild but significant correlation with the 
infiltration of macrophages M0 (R=0.24; P=2.9e−7), T 
cell CD4 memory activated (R=−0.18; P=0.00018), and 
dendritic cells resting (R=−0.21; P=1e−5) (Figure 5D-5F).

Analysis of immune therapy and drug sensitivity of 
LYPD3 in LC

Immune therapy, represented by ICIs, has made significant 
breakthroughs in tumor treatment. Our initial analysis 
of immune checkpoint-related transcripts revealed that 
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Figure 6 The immune therapy and drug sensitivity of LYPD3 in LC. (A) Analysis of immune checkpoint-related transcripts and LYPD3. 
(B) The relationship between IPS and ICI score (IPS-PD1, IPS-CTLA4, IPS-CTLA4-PD1) groups in high LYPD3 group and low LYPD3 
groups. (C) The correlation between the expression of LYPD3 and TMB. (D-G) The therapeutic effects of chemotherapy drugs in the 
high LYPD3 group and low LYPD3 group: (D) bexarotene, (E) cyclopamine, (F) etoposide, (G) paclitaxel. LYPD3, Ly6/PLAUR domain 
containing 3; IPS, immunophenoscores; neg, negative; pos, positive; IC50, half maximal inhibitory concentration; LC, lung cancer; ICI, 
immune checkpoint inhibitor; TMB, tumor mutational burden.

LYPD3 was positively correlated with CD70, TNFSF9, 
CD276, VTCN1, and TNFSF4 and negatively correlated 
with CD40LG, TNFSF15, CD200R1, CD160, and 
BTLA (Figure 6A). We further used the IPS algorithm to 
evaluate the immune therapy response in the high LYPD3 
expression group and low LYPD3 expression group. Our 
results showed that IPS and IPS-CTLA4 were significantly 
different between the high LYPD3 expression group and 
low LYPD3 expression group (both <0.05), while IPS-
PD1 (P=0.38) and IPS-CTLA4-PD1 (P=0.25) showed 
no statistical difference (Figure 6B). Our previous GSEA 
revealed that DNA damage repair-related pathways 
were significantly enriched in LYPD3 co-expressed 
genes. Existing research suggests that abnormalities in 
DNA damage and repair are directly related to genomic 
instability. We therefore analyzed the correlation between 
LYPD3 expression and TMB and found a significant 
positive correlation between the two (R=0.19; P=1.2e−5) 
(Figure 6C).

To further investigate the clinical utility of LYPD3 in LC 

treatment, we evaluated the therapeutic effects of commonly 
used chemotherapy drugs in the high LYPD3 expression 
group and low LYPD3 expression group. Our results 
showed that the median IC50 of bexarotene, cyclopamine, 
etoposide, and paclitaxel in the high LYPD3 expression 
group was significantly lower than that in the low LYPD3 
expression group (Figure 6D-6G), indicating potential for 
LYPD3 in immune therapy.

Discussion

LYPD3 is a tumorigenic and highly glycosylated cell surface 
protein (25), consisting of 278 amino acids distributed in 
the serine-rich C-terminal region and two N-terminal 
Lu domains of threonine. Overexpression of LYPD3 has 
been associated with a malignant phenotype and poor 
prognosis in colorectal cancer and esophageal squamous 
cell carcinoma (ESCC), whereas in breast cancer it is 
associated with a good prognosis (26,27). A few studies have 
demonstrated that LYPD3 were associated with NSCLC 
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and lung adenocarcinoma carcinogenesis (20,28). There 
is also strong evidence that LYPD3 could specifically 
participate in tumor cell invasion through its interaction 
with extracellular matrix (29). Therefore, the relationship 
between LYPD3 and the development of LC deserves 
further study.

Studies have shown that exosomes can affect tumor 
growth and metastasis, paraneoplastic syndrome, and 
treatment resistance (30,31). Additionally, exosomes could 
be used for comprehensive, multi-parameter diagnostic 
detection and as a therapeutic carrier (32). In our study, 
we performed exosome screening to obtain 904 associated 
genes, including LYPD3. Further analysis using OS and 
KM revealed an association between LYPD3 and LC 
prognosis. This finding suggests that LYPD3 may have 
great potential for early diagnosis and treatment of LC.

In this study, we conducted a pan-cancer analysis of 
LYPD3 expression in LC. Analysis of the HPA database 
revealed that the LYPD3 protein was significantly more 
abundant in cancer tissues than in normal counterparts in 
LC. We also analyzed the clinical-pathological factors of 
LC and found that LYPD3 was an independent prognostic 
factor in LC. These results suggest that LYPD3 may serve 
as a prognostic biomarker for LC.

We conducted gene enrichment analysis of LYPD3 co-
expression genes. KEGG analysis revealed that these genes 
were primarily related to the MAPK signaling pathway, 
protein digestion and absorption, and adrenergic signaling 
in cardiomyocytes. GSEA analysis showed that co-expressed 
genes were mainly related to cell cycle, DNA replication, 
small  cell  LC, spliceosome, and steroid hormone 
biosynthesis, suggesting a close relationship between 
LYPD3 and the immune response in LC.

Immune cell infiltration has been shown to be an 
important factor affecting immunotherapy resistance 
and tumor progression (33). We analyzed the correlation 
between LYPD3 expression level and immune cell 
infiltration. As shown in Figure 5, the expression level of 
LYPD3 was related to the fraction of various immune cells. 
The expression of LYPD3 had a significant correlation with 
the infiltration of macrophages M0 (R=0.24; P=2.9e−7), 
T cell CD4 memory activated (R=−0.18; P=0.00016), and 
dendritic cells resting (R=−0.21; P=1e−5), indicating that 
LYPD3 can reflect the infiltration of immune cells in LC.

ICI therapy has been successful in treating various 
tumors by overcoming tumor cell-mediated loss of 
immunity, restoring anticancer immunity, and clearing 
tumor cells (34). In this study, immune checkpoint analysis 

revealed an association between LYPD3 and multiple 
checkpoint molecules. Studies have shown that patients 
with high TMB may have a stronger immune response and 
be more sensitive to ICIs (35,36). We found a significant 
positive correlation between LYPD3 expression and 
TMB (37). Additionally, we found that the median IC50 of 
bexarotene, cyclopamine, etoposide, and paclitaxel in the 
LYPD3 high expression group was significantly lower than 
that in the LYPD3 low expression group. These results 
suggest that low expression of LYPD3 may be associated 
with a better prognosis, indicating significant therapeutic 
potential for LYPD3.

In summary, this study fully demonstrates the value 
of LYPD3 in the progression of LC and its potential as a 
biological target and prognostic predictor. The expression 
of LYPD3 is not only closely related to the prognosis of LC 
patients but also highly correlated with immune infiltration. 
Furthermore, LYPD3 may have great application prospects 
in the immunotherapy of LC.

Conclusions

In conclusion, this study describes the expression 
characteristics, related pathways, relationship with tumor-
infiltrating immune cells, and therapeutic value of LYPD3 
in LC from a bioinformatics perspective. LYPD3 has broad 
potential in predicting the immune microenvironment and 
immunotherapy response.
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