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Abstract: Objective: To identify key genes associated with tumor-associated macrophages (TAMs), tumor immuno-
therapy, in the prognosis of lung adenocarcinoma (LUAD). Methods: The mRNA expression profiles of LUAD samples 
were obtained from The Cancer Genome Atlas (TCGA) database. The “CIBERSORT” R package was employed to cal-
culate the proportion of innate immune cell infiltration in both tumor and adjacent normal tissues. TAM-associated 
genes in LUAD were identified to construct a prognostic risk model using weighted gene correlation network analysis 
(WGCNA), Least Absolute Shrinkage and Selection Operator (LASSO), and multivariate Cox regression analyses 
(COX). The IMvigor210 cohort was utilized to validate the roles of these genes as predictors of immunotherapy re-
sponse. Tissue microarrays, immunofluorescence staining, and mRNA level detection methods were used to deter-
mine the correlation of risk factors in LUAD tissues. Results: CIBERSORT analysis revealed significant differences in 
innate immune cells between tumor and adjacent tissues. Seventy-four differential genes linked to these cells were 
identified from WGCNA. Four hub genes (endothelin receptor type B, vascular endothelial growth factor D (VEGFD), 
latent transforming growth factor beta binding protein 4 (LTBP4), and fibroblast growth factor receptor 4 (FGFR4)) in 
the TAM prognostic model were identified as independent prognostic risk factors (P < 0.05). VEGFD expression was 
identified as a low-risk factor for LUAD prognosis prediction (P < 0.05). Moreover, low-risk patients exhibited higher 
sensitivity to anti-PD-L1 therapy compared to high-risk patients (P < 0.05). VEGFD levels were negatively correlated 
with programmed cell death 1 (PD-1) levels (r = -0.363; P < 0.05), suggesting that VEGFD may serve as a predictor 
for anti-PD-1 treatment. Conclusions: VEGFD is associated with innate immunity in LUAD, it can predict LUAD prog-
nosis, and therefor may be a potential predictor for anti-PD-1 treatment in patients with LUAD.
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Introduction

Lung cancer is a common malignant tumor 
worldwide, with the highest mortality among all 
cancers [1]. Non-small cell lung cancer (NSCLC) 
accounts for 85% of lung cancer cases, of 
which 50% are adenocarcinoma (LUAD) [2]. The 
5-year survival rate for patients with advanced 
NSCLC is only 0-10% [3].

In recent years, in addition to traditional treat-
ments for NSCLC such as chemotherapy, radio-
therapy, and immunotherapy, several targeted 
and immunotherapeutic drugs have been 
employed for advanced NSCLC treatment [2]. 
Immune checkpoint inhibitors are the most 
common immunotherapeutic drugs used in 
cancer treatment, and their effectiveness is pri-

marily influenced by immune cells infiltrating 
the tumor microenvironment (TME) [4]. The 
TME is closely associated with tumorigenesis, 
development, and metastasis, with innate im- 
munity playing a major role in tumor immuno-
therapy [5]. Macrophages, key innate immune 
cells, exhibit different biological functions 
depending on the tumor’s pathological stage. In 
the early stages of tumorigenesis, macrophages 
phagocytize tumor cells and present antigens 
that induce T cell immunity to inhibit tumor 
growth. However, in advanced tumors, macro-
phages promote tumor immune and drug re- 
sistance by upregulating immune checkpoint 
ligands (programmed cell death ligand 1 (PD-
L1), programmed cell death ligand-2 (PD-L2), 
and B7-1) and cytokines related to tumor immu-
notherapy [6, 7].

http://www.ajtr.org
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Many genes expressed in immune and tumor 
cells regulate immune cell function during 
tumorigenesis and progression. Tumor-asso- 
ciated macrophages (TAMs) are recruited to 
tumor tissues by colony-stimulating factor 1 
(CSF1) [8]. Programmed cell death protein 1 
(PD-1), expressed in T cells, reduces the cyto-
toxicity and activity of T cells toward tumor cells 
by binding to PD-L1 or PD-L2 on tumor cells [9]. 
Based on these mechanisms, immunotherapy, 
particularly immune checkpoint therapy, has 
made significant progress in clinical treatment. 
Unfortunately, immune checkpoint therapy can 
be ineffective and have adverse effects in 
some patients, influenced by genes related to 
immunotherapy. Therefore, identifying biomark-
ers to predict the efficacy of immune check-
point inhibitors in specific patients is crucial 
[10, 11].

In this study, we identified key genes linked to 
TAMs, tumor immune therapy, and their asso-
ciation with the prognosis of LUAD. Data mining 
was performed using the TCGA database  
with several analytical approaches, including 
weighted gene correlation network analysis 

(WGCNA), GSVA, and the “CIBERSORT” R pack-
age. The IMvigor210 cohort was used to iden-
tify potential immunotherapy biomarkers in 
patients with LUAD. The workflow chart is 
shown in Figure 1.

Methods

Acquiring and processing the transcriptome 
expression and clinical data of LUAD

First, LUAD RNA sequencing profiles and infor-
mation were obtained from the TCGA database, 
including 468 LUAD tissues and 58 adjacent 
non-tumor samples. Excluding samples with 
incomplete information or short survival time  
(< 1 month), an effective sample size of 513 
remained. Genes associated with immunity 
were acquired from the ImmPort database, and 
898 genes were analyzed using WGCNA after 
gene intersection in the expression data.

Evaluation of the immune infiltration compo-
nent of TME

The “CIBERSORT” (R, version 4.0.2) was used 
to predict the immune infiltration fraction 
matrix based on the expression matrix, to ana-
lyze the clinical significance of infiltrating 
immune cells. The abundance of immune cells 
in the LUAD immune microenvironment was 
first calculated. The different proportions of 
infiltrating innate immune cells between tumor 
and adjacent tissues were analyzed using a 
two-sided t-test.

Construction of co-expression network of the 
immune infiltration

First, WGCNA was used to construct gene mod-
ules related to infiltrating immune cells and 
clinical features. The samples were clustered 
based on the LUAD immune gene expression 
matrix to detect outliers. After removing outli-
ers, the “FlashClust” package was used to 
stratify the remaining samples and explore the 
relationships between them. The features of 
each sample were converted into different col-
ors: white indicated low, red indicated high, and 
gray indicated missing entries. In WGCNA, the 
soft threshold is a key parameter used to deter-
mine the strength of the network connectivity. 
The soft threshold was set based on the scale-
free topological fit index, and a value above 
0.85 was selected. Finally, we set the soft 

Figure 1. The bioinformatics analysis flowchart. 
Note: TCGA, The Cancer Genome Atlas Program; 
LUAD, Lung Adenocarcinoma; DEGs, differentially 
expressed genes; LASSO, Least Absolute Shrinkage 
and Selection Operator.
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threshold to 3 to construct the weighted adja-
cency matrix and topological overlap matrix 
(TOM) (cutting height = 0.25, minimum module 
size = 30), dividing the genes into various 
modules.

Determination of the correlation between mod-
ules and clinical traits

The eigengene module was used to define the 
principal components of each gene module. 
Gene significance, calculated as the absolute 
value of the correlation between gene profiles 
and clinical traits, was used to assess this rela-
tionship. Module membership was defined as 
the correlation between gene profiles and the 
eigengene of each module. The Pearson corre-
lation coefficient was then calculated to esti-
mate the module significance of the eigengene 
module and infiltrating innate immune cells. A 
module was considered significantly associat-
ed with innate immune cells when |P| < 0.05.

Analysis of differential expression of immune 
genes

The degree of gene connectivity was further 
analyzed using Cytoscape. Differentially ex- 
pressed genes (DEGs) between tumor and 
adjacent non-tumor samples were determined 
E the “DESeq2” package. Immune genes satis-
fying both |log2foldchange| > 1 and adjusted P 
< 0.05 were considered DEGs and were visual-
ized using the “EnhancedVolcano” R package.

GO and GSVA

Gene ontology (GO) analysis was performed on 
immune DEGs, with adjusted P < 0.01 consid-
ered statistically significant. Gene Set Variation 
Analysis (GSVA) was used to identify significant 
pathways among patients with different risk 
scores (RS) (high and low). The gene sets were 
obtained from the MSigDB database, with sta-
tistical significance defined as a false discovery 
rate (FDR) < 0.05.

Analysis of prognostic signature of immune 
DEGs

LASSO was used to reduce dimensionality and 
establish the risk score (RS) for the most robust 
markers. To avoid model overfitting, lambda.
min (λ) was determined as the optimal value of 
the parameter using 10-fold cross-validation. 

COX regression analysis was employed to 
select essential prognostic markers of LUAD 
and construct an RS module. The calculation 
formula was as follows:

Risk score Cofficient Expression
1

i i
i

n

= #
=

/

The diagnostic capacity of the module was 
assessed using Kaplan-Meier survival (KM) 
analysis and a time-dependent receiver operat-
ing characteristic (ROC) curve. The module’s 
independent predictive ability for LUAD, consid-
ering multiple clinical characteristics (gender, 
age, and tumor stage), was analyzed using COX 
regression. The Wilcoxon test was performed to 
estimate the difference in infiltrating immune 
cells between the two risk groups (P < 0.05).

Human samples and tissue microarrays 
(TMAs)

LUAD tissues and matched para-carcinoma  
tissues (30 pairs) were collected from the 
Affiliated Hospital of North Sichuan Medical 
College, with approval of the Ethics Committee, 
number 2020 ER063-2. These tissues were 
fixed in 4% paraformaldehyde overnight. The 
paraffin blocks were processed using an auto-
matic TMA production instrument (TMA Master, 
3DHISTECH). The sampling points and microar-
ray graphics were set, and the system automat-
ically completed steps such as drilling, sam-
pling, and core injection. Para-carcinoma tis-
sues were placed in rows 1-3, and correspond-
ing matched tumor tissues were placed in rows 
4-6.

Immunofluorescence (IF) staining

The TMA chip was incubated at 60°C for 4 
hours, followed by dewaxing, dehydration, treat-
ment with 3% hydrogen peroxide, heat-induced 
antigen retrieval, blocking with 3% BSA, perme-
abilization with 0.2% Triton X-100, and co-incu-
bation with antibodies against vascular endo-
thelial growth factor D (VEGFD) (1:200, R6074, 
Zenbio), PD-1 (1:400, 66220-1-1g, Proteintech), 
and CD86-APC (1:200, 17-0869-42, eBiosci-
ence) overnight at 4°C. The secondary anti- 
bodies, FITC-labelled anti-mouse IgG (1:150, 
A0568, Beyotime) and Cy3-labelled anti-rabbit 
IgG (1:150, A0516, Beyotime), were then 
applied. Images were obtained using a micro-
scope (VS200, Olympus, Japan).
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RT-qPCR

RNA was extracted using the Trizol kit, and 
complementary DNA (cDNA) was synthesized 
with the cDNA Synthesis Kit (R211-01, Vazyme). 
Quantification was performed using SYBR 
Green (Bio-Rad). GAPDH was used as the inter-
nal control for RT-qPCR. Sequences of primers 
for VEGFD and PD1 are listed in Table 1.

Statistical analysis

The statistical software used in this study was 
GraphPad Prism 9. Quantitative data were pre-
sented as mean ± standard deviation and ana-
lyzed by paired two-tailed t-test. Qualitative 
data were presented as n (%) and analyzed 
using the chi-square test. A P-value < 0.05 was 
considered statistically significant.

Results

Innate immune cell infiltration in the tumor im-
mune microenvironment

The landscape of 10 innate immune cells in 
LUAD tissues was evaluated using CIBERSORT 
software, showing that macrophages had the 
highest proportion of innate immune-infiltrating 
cells (Figure 2A). We also compared the propor-
tions of innate immune cells between normal 
and tumor tissues. The infiltration of M2 macro-
phages, monocytes, and resting NK cells was 
decreased in tumor tissues, while the infiltra-
tion of M1 macrophages and activated NK cells 
was increased (P < 0.05) (Figure 2B).

Weighted co-expression network construction 
associated with infiltrating immunity cells 

To explore the role of innate immune cells in 
LUAD, a hierarchical clustering dendrogram of 
513 LUAD samples was constructed, and 18 
samples were excluded based on a Euclidean 
distance of 7000 (Figure 3A). Tumor-associated 
immune cell information, including that of the 

further analysis, the top three modules with the 
highest correlations (brown, turquoise, and 
green) were selected (P < 0.05) (Figure 3E). The 
brown module showed a positive correlation 
with M1 macrophages (r = 0.43) but a negative 
correlation with M2 macrophages (r = -0.12). 
The turquoise module presented a positive cor-
relation with both M1 and M2 cells (r = 0.13, 
0.28), and the green module showed a positive 
correlation with M2 macrophages (r = 0.16) 
and a negative correlation with M1 macro-
phages (r = -0.10). There were 128, 38, and 
100 hub genes in these three modules, respec-
tively, for further analyses.

Protein-protein interaction networks and path-
ways analysis for hub genes associated with 
immune cells

Cytoscape was used to construct protein-pro-
tein interaction networks for the genes in the 
brown, green, and turquoise modules to screen 
out hub genes (Figure 4A-C). The volcano plot 
of these genes identified 74 DEGs, including 
four downregulated genes such as endothelin 
receptor type B (EDNRB) and VEGFD (P < 0.05) 
(Figure 4D). Additionally, functional enrichment 
analysis revealed that these genes were signifi-
cantly involved in biological processes related 
to tumor immunity, including leukocyte prolifer-
ation and migration, myeloid leukocyte migra-
tion, regulation of chemotaxis, immune recep-
tor activity, and receptor-ligand activity (Figure 
4E).

Construction of prognostic risk model based 
on DEGs

A prognostic model was constructed using 
LASSO regression. Sixteen genes were found to 
be correlated with LUAD prognosis (Figure 5A, 
5B). The calculation formula for the RS of the 
prognostic model is as follows: RS = 0.0057 × 
FGFR4 + 0.1575 × TNFAIP3 - 0.1406 × VIPR1 - 
0.0526 × ADA2 + 0.0324 × EDNRB + 0.0475 × 

Table 1. The primers used for Real-time quantitative poly-
merase chain reaction
Gene Forward Reverse
VEGFD ACGGATACAGCTAGTGTTTGACA GTCCACACCATCGTCCTCTAATA
PD-1 CCAGGATGGTTCTTAGACTCCC TTTAGCACGAAGCTCTCCGAT
Note: VEGFD, vascular endothelial growth factor D; PD-1, Programmed cell 
death 1.

10 innate immune cells, was 
attached to the cluster (Figure 
3B). According to the scale-free 
topology model fit, the scale-free 
topological fit index was 0.85,  
and the soft threshold was set  
to 3 (Figure 3C). The co-expressed 
modules, comprising six total mo- 
dules, are shown in Figure 3D. For 
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NPR1 - 0.0532 × CD79A - 0.0586 × BTK + 
0.0136 × SLIT2 - 0.0849 × IL5RA - 0.0498 × 
VEGFD - 0.0038 × PTGDS + 0.0989 × LTBP4 - 
0.0395 × AGER + 0.0331 × SEMA5A.

The time-dependent ROC curve was used to 
evaluate the accuracy of the prognostic model. 
The area under the curve (AUC) for this model 
at 1, 3, and 5 years were 0.699, 0.721, and 
0.711, respectively, suggesting that this model 
accurately predicts LUAD prognosis (Figure 
5C). Kaplan-Meier curves indicated a lower sur-
vival rate in high-risk (HR) patients compared to 
low-risk (LR) patients (Figure 5D) (P < 0.05).

Four genes were determined as independent 
prognostic factors in LUAD

Four genes from the sixteen identified were 
determined to be independent risk factors for 
LUAD prognosis (Figure 6A). The RS was 
defined by the regression coefficient: RS = 
0.2845 × EDNRB - 0.4562 × VEGFD + 0.2363 
× LTBP4 + 0.1784 × FGFR4. Patients were 
divided into HR and LR groups according to the 
median risk score. The survival time of the low-
risk patients was significantly longer (P < 0.05, 
Figure 6B). The distribution of RS and the 
expression levels of the four hub genes in LUAD 
patients are shown in Figure 6C. The levels of 
Fibroblast growth factor receptor 4 (FGFR4), 

Latent transforming growth factor beta binding 
protein 4 (LTBP4), and EDNRB were higher in 
the HR group compared to the LR group, while 
the expression of VEGFD was decreased. A 
higher proportion of patients in the HR group 
died compared to those in the LR group. Clinical 
parameters of LUAD patients, including gender, 
age, TNM stage, and smoking status, were 
used as independent variables. Age, clinical 
stage, smoking status, and risk score were con-
firmed as independent risk factors by COX 
regression (Figure 6D). GSVA analysis suggest-
ed that the four risk factors were involved in 
pathways linked to multicancer invasiveness 
signatures, the prognosis of multiple tumors 
such as thyroid, colorectal, and breast cancers, 
and leukotriene biosynthetic processes (Figure 
6E).

Four independent risk genes as predictors for 
immunotherapy treatment in patients with 
LAUD 

The risk score was used to assess the prognos-
tic value of immunotherapy treatment in LUAD 
based on FGFR4, LTBP4, EDNRB, and VEGFD. 
Patients who responded to anti-PD-L1 treat-
ment exhibited low-risk scores for FGFR4, 
LTBP4, EDNRB, and VEGFD, whereas patients 
who did not respond to anti-PD-L1 treatment 
had high-risk scores for these four genes 

Figure 2. Analysis of innate immune infiltration in lung adenocarcinoma (LUAD) and adjacent normal tissues. A. The 
proportion of infiltration of 10 innate immune cell types in the tumor groups. B. Differences in innate immune cell 
infiltration between LUAD and adjacent normal tissues. The proportion of infiltration between LUAD and adjacent 
normal groups was analyzed using a two-sided t-test. P-value significance codes: * < 0.05; ** < 0.01; *** < 0.001; 
**** < 0.0001.
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(Figure 7A). Twenty-nine percent of patients 
with a low RS responded to anti-PD-L1 treat-
ment, which was higher than the response rate 
in the LR group (Figure 7B). Furthermore, the 
KM curve showed that patients with low RS had 
significantly prolonged survival times (Figure 
7C).

Additionally, Pearson’s correlation analysis 
showed that EDNRB and VEGFD levels were 

positively correlated with M2 macrophages (r = 
0.20, 0.15; P < 0.05) and negatively associated 
with M0 macrophages (r = -0.25, -0.30; P < 
0.05) (Figure 7D). The correlation between the 
expression changes of the four genes and dif-
ferent immune checkpoints was also analyzed. 
As shown in Figure 7E, EDNRB and VEGFD 
expressions were positively correlated with 
PD-L1, PD-L2, TIM3, and CD96, but negatively 
correlated with TIGIT, CTLA4, LAG3, and PD-1. 

Figure 3. Weighted gene co-expression network analysis (WGCNA) and identification of significant modules. A. Out-
lier samples were detected using a clustering dendrogram. B. Sample dendrogram and trait heatmap. Each color 
represents the trait of each sample in the heatmap: white indicates low, red indicates high, and grey indicates a 
missing entry. C. Identification of the soft threshold power for WGCNA. The scale-free fitting index was analyzed for 
diverse soft-threshold powers (β). The power of β = 3 was selected as the soft threshold. D. Dendrogram of the im-
mune genes clustered by topological overlaps. E. Heatmap showing the correlation between modules and immune 
cells. The red module represents a positive correlation with clinical traits, while the green module represents a 
negative correlation. 

Figure 4. Exploration of differentially expressed genes (DEGs). Protein-protein interaction networks of immune 
genes in (A) brown, (B) green, and (C) turquoise modules. (D) Volcano plot of DEGs screened based on three modu-
lar genes. (E) Gene Ontology (GO) enrichment analysis of immune DEGs.
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LTBP4 was positively correlated with PD-L1, 
PD-L2, TIM3, and CD96, while FGFR4 was neg-
atively correlated with LAG3, CTLA4, and TIGIT 
(P < 0.05).

TMA, RT-qPCR, and immunofluorescence stain-
ing indicated that VEGFD expression was nega-
tively correlated with PD-1 levels in LUAD tis-
sues at both mRNA and protein levels (Figure 
8A-C). The correlation coeff﻿icient between 
VEGFD and PD-1 at the mRNA level was -0.363 
(P = 0.005). The expression levels of VEGFD 
and PD-1 were significantly related to tumor 
stage (r = -0.463, 0.617; P < 0.05; Table 2). 
Patients with low VEGFD levels had worse  
prognoses, whereas patients with high VEGFD 

expression showed better prognoses (Figure 
8D, P < 0.05). However, different PD-1 levels 
did not significantly impact patient prognosis 
(Figure 8E).

Discussion

Multiple cell types, including TAMs, in TME  
can influence tumor cell proliferation and 
response to chemotherapy by secreting cyto-
kines, chemokines, and other factors [5, 12]. 
This study analyzes TAM hub genes related  
to the immunotherapy of LUAD and their  
relationship with prognosis, aiming to provide 
new biomarkers for LUAD patient immuno- 
therapy.

Figure 5. Immune risk model constructed by Least Absolute Shrinkage and Selection Operator (LASSO) Cox regres-
sion analysis. A. Regression coefficients of 74 genes determined by LASSO Cox regression analysis. B. Identification 
of suitable parameters (λ). The two vertical lines represent lambda.min (the value of λ that gives the minimum mean 
cross-validated error) and lambda.1 se (the value of λ that gives the most regularized model such that the cross-
validated error is within one standard error of the minimum). C. Time-dependent receiver operating characteristic 
(ROC) curve evaluating the prognostic values of the risk score. D. Kaplan-Meier curves showing the overall survival 
of lung adenocarcinoma (LUAD) patients in low- and high-risk groups.
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WGCNA provides a comprehensive method to 
study the correlation between gene profiles 

and clinical phenotypes and has been widely 
used to screen therapeutic and prognostic bio-

Figure 6. Multivariate stepwise Cox regression analysis used to establish prognostic genes. A. Forest plot of the 
multivariate Cox regression analysis. B. Kaplan-Meier plot of the risk score. C. Distribution of risk score, survival 
status, and hub immune gene expression profiles of each patient with lung adenocarcinoma (LUAD). D. Multivariate 
Cox analysis of the risk score and other clinical prognostic traits of patients with LUAD. E. Gene set variation analysis 
(GSVA) enriched different signaling pathways based on high- and low-risk groups. Genes include fibroblast growth 
factor 4 (FGFR4), endothelin receptor type B (EDNRB), vascular endothelial growth factor D (VEGFD), and latent-
transforming growth factor beta-binding protein 4 (LTBP4).
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Figure 7. Predictors of the four hub genes for immunotherapy treatment. A. Comparison of risk scores in different 
anti-PD-L1 clinical response groups of the IMvigor210 cohort (complete response [CR]/partial response [PR] and 
stable disease [SD]/progressive disease [PD]). B. Treatment response rate to PD-L1 blockade therapy in high- and 
low-risk groups of the IMvigor210 cohort. C. Kaplan-Meier survival curves for high- and low-risk patients in the 
IMvigor210 cohort. D. Correlation between the four hub genes and innate immune infiltrating cells. E. Correlation 
between the four hub genes and immune checkpoints (*P < 0.05; **P < 0.01). The four hub genes are fibroblast 
growth factor 4 (FGFR4), endothelin receptor type B (EDNRB), vascular endothelial growth factor D (VEGFD), and 
latent-transforming growth factor beta-binding protein 4 (LTBP4).
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markers for many complex diseases [13-16]. In 
this study, a TAM-related gene prognosis model 
in LUAD was established using WGCNA and 
CIBERSORT, and further combined with LASSO 
Cox regression and Cox proportional hazard 
regression analyses to identify prognostic and 
immunotherapy-related gene markers (FGFR4, 
LTBP4, EDNRB, and VEGFD). These hub genes 
were validated using the IMvigor210 cohort. 

The genes obtained from these analyses are 
highly reliable for predicting prognosis and 
immune treatment in LUAD.

Innate immunity plays a crucial role in tumor 
immunity and immunotherapy [5]. It is well 
known that M1 macrophages act as pro-inflam-
matory cells by secreting interleukins and pro-
inflammatory chemokines in diseases, where-

Figure 8. Expression levels of VEGFD and PD-1 and their prognostic relationship in LUAD tissues. A. Tissue microar-
rays of LUAD and matched para-carcinoma were co-stained with VEGFD and PD-1. B. VEGFD and PD-1 expression 
in LUAD at the mRNA level (n = 30). Data are represented as “Mean with SEM”, *P < 0.05 (unpaired two-tailed 
t-test). C. Immunofluorescence staining for VEGFD and PD-1 in LUAD and matched para-carcinoma. D. Probability of 
patient survival based on varying levels of VEGFD (*P < 0.05, log-rank test). E. Probability of patient survival based 
on varying levels of PD-1 expression. VEGFD, vascular endothelial growth factor D; PD-1, programmed cell death 1; 
LUAD, lung adenocarcinoma.
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as M2 macrophages secrete cytokines and 
chemokines to exert anti-inflammatory func-
tions [17, 18]. In this study, an increase in M1 
macrophages and a decrease in M0 and M2 
macrophages were observed, indicating that 
the immune balance in patients was disrupted. 
This imbalance may promote tumor cell metas-
tasis and evasion of immune clearance and 
surveillance, ultimately affecting patient prog-
nosis [6, 7].

There is heterogeneity between tumor and 
para-cancerous tissues; high infiltration of M1 
macrophages in NSCLC indicates a better prog-
nosis for patients, whereas an increase in M2 
macrophages indicates a poor prognosis [17]. 
Therefore, macrophage-linked genes may 
affect the prognosis of LUAD [18]. In this study, 
WGCNA, CIBERSORT, and a series of bioinfor-
matics analyses identified immune cell-related 
genes EDNRB, VEGFD, LTBP4, and FGFR4 as 
independent risk factors for LUAD prognosis. 
The risk score prediction model established 
based on these four genes can effectively dis-
tinguish between high- and low-risk popula-
tions with poor prognosis. VEGFD was con-
firmed as a protective gene, whereas EDNRB, 
LTBP4, and FGFR4 were risk factors for LUAD. 
These results are consistent with previous 
reports that high expression of VEGFD in LUAD 
is beneficial for patient prognosis [19-21]. 
FGFR4 is an oncogene that can be acquired 
through genetic mutations in human cancers, 
contributing to tumor proliferation, migration, 
angiogenesis, and resistance to anti-neoplastic 

agents [22, 23]. LD-1, a monoclonal antibody 
targeting FGFR4, has been used in clinical trials 
for hepatocellular carcinoma treatment [24, 
25]. Additionally, EDNRB and LTBP4 are 
involved in functional vascularization, tumor 
metastasis, and prognosis [26-29]. The four 
genes were also negatively correlated with sev-
eral innate immune cells, including M1 macro-
phages, but positively correlated with M2 mac-
rophages, suggesting that these genes may 
directly or indirectly affect adaptive immunity 
through innate immunity.

The discovery of predictive biological targets 
for individualized therapies against tumor im- 
mune checkpoint inhibitors is a new strategy 
for tumor treatment [30]. Currently, several 
immune checkpoint inhibitors (anti-PD-1), such 
as atezolizumab, durvalumab, nivolumab, and 
pembrolizumab, are used as standard treat-
ments for different stages of lung cancer.

Immune checkpoint inhibitors, particularly PD-1 
and PD-L1 inhibitors, have become standard 
therapeutic drugs for malignancies such as 
NSCLC [31]. Patients can be treated with anti-
PD-1 agents alone or in combination with che-
motherapeutic drugs, depending on the PD-L1 
expression of the tumor cells [32]. Bevacizu- 
mab, a monoclonal antibody targeting VEGFA, 
degrades the tumor vascular system. The Food 
and Drug Administration recommends bevaci-
zumab combined with atezolizumab (an anti-
PD-L1) as first-line chemotherapeutic agents in 
the treatment of LUAD [33]. Our data showed 

Table 2. The correlation between VEGFD, PD-1 expression and clinicopathological characteristics in 
LUAD patients

Clinicopathological characteristics Total
VEGFD expression

χ2 P
PD-1 expression

χ2 P
High Low High Low

Age (y) 0.130 0.719 0.028 0.866
    > 65 8 2 (25.00) 6 (75.00) 5 (62.50) 3 (37.50)
    ≤ 65 22 7 (31.82) 15 (68.18) 13 (59.09) 9 (40.91)
Gender 0.730 0.543 1.693 0.193
    Female 9 2 (22.22) 7 (77.78) 7 (77.78) 2 (22.22)
    Male 21 7 (33.33) 14 (66.67) 11 (52.38) 10 (47.62)
Smoking 0.106 0.475 0.238 0.626
    Yes 12 4 (33.33) 8 (66.67)  9 (75.00) 3 (25.00)
    No 18 5 (27.78) 13 (72.22) 12 (66.67) 6 (33.33)
TNM stage 6.429 0.011 11.429 0.001
    I 10 6 (60.00) 4 (40.00) 3 (30.00) 7 (70.00)
    II/III 20 3 (15.00) 17 (85.00)  18 (90.00) 2 (10.00)
Note: VEGFD, Vascular Endothelial Growth Factor D; PD-1, Programmed cell death 1; LUAD, Lung Adenocarcinoma; TNM, Tumor Node Metastasis.
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that the four hub genes were significantly cor-
related with PD-1, PD-L1, and PD-L2, particu-
larly VEGFD and EDNRB, which are closely 
associated with eight immune checkpoints. 
This suggests that the expression levels of 
these four genes may be potential mechanisms 
involved in checkpoint inhibitors, making them 
potential targets for LUAD immunotherapeutic 
agents. Clinical trials demonstrated an inverse 
relationship between the mRNA or protein level 
of VEGFD and the level of PD-1 in LUAD tissues 
from 30 patients with stage I-III LUAD. Survival 
analysis of these 30 patients showed that 
those with low VEGFD expression had a worse 
prognosis compared to those with high VEGFD 
expression. These results further demonstrate 
that VEGFD can be a predictor for LUAD progno-
sis and may be a potential predictor of anti-
PD-1 therapy in LUAD patients. However, the 
small sample size is a limitation of this study, 
which may affect the significance of the statisti-
cal results of clinical trials. Therefore, future 
studies with larger samples are needed.

In summary, we screened and confirmed four 
hub genes related to innate immunity in LUAD, 
namely, EDNRB, VEGFD, LTBP4, and FGFR4. 
Our findings showed that VEGFD, which is relat-
ed to innate immunity in LUAD, can be used to 
predict LUAD prognosis and may be a potential 
predictor of anti-PD-1 treatment for patients 
with LUAD.
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