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A B S T R A C T   

The tumor-associated macrophages (TAM) play a crucial role in lung adenocarcinoma (LUAD), 
which can cause the proliferation, migration and invasion of tumor cells. In particular, TAMs 
mainly regulate changes in the tumor microenvironment thereby contributing to tumorigenesis 
and progression. Recently, an increasing number of studies are using single-cell RNA (Sc-RNA) 
sequencing to investigate changes in the composition and transcriptomics of the tumor micro-
environment. We obtained Sc-RNA sequencing data of LUAD from GEO database and tran-
scriptome data with clinical information of LUAD patients from TCGA database. A group of 
important genes in the state transition of TAMs was identified by analyzing TAMs at the single- 
cell level, while 5 TAM-related prognostic genes were obtained by omics data integration, and a 
prognostic model was constructed. GOBP analysis revealed that TAM-related genes were mainly 
enriched in tumor-promoting and immunosuppression-related pathways. After ROC analysis, it 
was found that the AUC of the prognosis model reached 0.751, with well predictive effectiveness. 
The 5 unique genes, HLA-DMB, HMGN3, ID3, PEBP1, and TUBA1B, was finally identified through 
synthesized analysis. The transcriptional characteristics of 5 genes were determined through 
GEPIA2 database and RT-qPCR. The increased expression of TUBA1B in advanced LUAD may 
serve as a prognostic indicator, while low expression of PEBP1 in LUAD may have the potential to 
become a therapeutic target.   

1. Introduction 

Lung cancer incidence rate is increasing worldwide, making it critical in threatening human health [1]. Lung adenocarcinoma 
(LUAD) accounts for 40–55% of all lung cancers, overtaking lung squamous cell carcinoma (LUSC) as the most common type of lung 
cancer in many countries [1,2]. Currently, clinical stage is the major method for predicting the prognosis of LUAD. An increasing 
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number of studies have found that many heterogeneous cells are present in LUAD tissue [3,4]. These heterogeneous cells comprise the 
tumor microenvironment that regulates the proliferation, migration, and invasion of LUAD cells [5,6]. In addition, each patient has a 
unique genetic background. Therefore, due to the several variabilities, clinical stage alone is inaccurate for prognosis of patients with 
LUAD [7]. Thus, developing a novel prognostic tool based on the gene expression profile of LUAD cells is crucial. 

With the development of the sequencing technology, single-cell RNA (Sc-RNA) sequencing has become the major tool for exploring 
the tumorigenesis and tumor microenvironment and development [8,9]. Sc-RNA sequencing analyzes the biological characteristics of 
tumors at cellular level. Therefore, Sc-RNA sequencing provides more information than bulk transcriptome sequencing for exploring 
the detailed mechanisms present in tumors [10]. 

Numerous immune cells are present in the tumor microenvironment, of which, tumor-associated macrophages (TAMs) are the 
major components [11,12]. Initially TAMs were assumed to suppress tumor development and activate the immune system [13]. 
However, recently TAMs have been confirmed to promote tumor development and immunosuppression [14,15]. Therefore, studying 
the TAMs can help discovering tumor markers and developing novel antitumor drugs. 

In this study, a data set of the gene expression in LUAD together with clinical information obtained from The Cancer Genome Atlas 
(TCGA) and Sc-RNA sequencing data from the Gene Expression Omnibus (GEO) were analyzed. Subsequently, TAM-related genes were 
screened out. The TAM-related gene signature was identified to predict the survival and prognosis of patients with LUAD. Currently, 
many studies exist that address TAM in lung adenocarcinoma, which have revealed the heterogeneity of TAM in lung adenocarcinoma 
[16]. However, few studies have focused on the impact of key TAM-related genes on patient prognosis [17]. These studies also only 
examined the effect of individual genes on patient prognosis and did not combine genes to construct prognostic models [18]. 
Therefore, this study provides a prognostic prediction model constructed using TAM-related genes, enabling a more accurate pre-
diction of patient prognosis and paving the way for future research. 

2. Materials and methods 

2.1. Single-cell RNA sequencing data 

The Sc-RNA sequencing data (GSE117570) used in the study were obtained from the GEO database (https://www.ncbi.nlm.nih. 
gov/geo/). The raw data comprised four early-stage tumor samples of patients with non-small cell lung carcinoma (NSCLC) and 
four corresponding paraneoplastic samples. The pathological type of the four NSCLC tumor samples was lung adenocarcinoma 
(LUAD), as confirmed by the data uploader. The raw data were presented as eight gene expression matrixes, which were collated to 
generate Seurat objects for downstream analysis. 

2.2. RNA sequencing and clinical data of patients with LUAD 

The transcriptomics and clinical data used in this study were obtained from TCGA (https://cancergenome.nih.gov/) database. The 
transcriptomic data were collated into a gene expression matrix, and 954 patients with LUAD were identified to conduct further 
analysis. Ultimately, after normalizing the data (mean 0 and standard deviation 1) and matching the clinical information, 316 patients 
with LUAD were included in this study. The rearranged gene expression matrix and clinical raw data were used for further analyses. 

2.3. Identification of TAMs and immune landscape in LUAD 

Analysis was performed using the R package “Seurat” [19]. To remove overexpressed and sequenced oversaturated cells, the 
expression matrix was filtered following the criteria: nCount_RNA >1000 & nFeature_RNA <5000 & percent.MT < 30 & nFeature_RNA 
>600. Subsequently, principal component analysis (PCA) and uniform manifold approximation and projection (UMAP) reductions 
were used to cluster all cells and annotate the clustered cells using cluster marker genes. The TAMs were extracted for PCA and UMAP 
reductions. The pseudotime analysis was performed using the R package “monocle” [20] to explore the trajectory of the gene changes 
in TAMs. In addition, the BEAM function was utilized to explore the specific changes of genes in TAMs. 

2.4. Construction of TAM-related prognostic model in LUAD 

To establish the relationship between TAM-related genes and the prognoses of patients, a univariate feature selection was con-
ducted. The genes initially screened using the univariate feature selection were screened again using the multivariate feature selection. 
For both screening analyses a p-value <0.01 was considered statistically significant [21,22]. Subsequently, we performed a third 
screening of the obtained prognosis-related genes using Kaplan–Meier analysis and finally identified the prognosis-associated 
TAM-related genes. The prognosis-associated TAM-related genes were used to construct a prognostic model, and the risk score was 
calculated using the formula [23]: 

Riskscore=
∑n

i=0
coef (RNAi) × expr(RNAi)

coef(RNAi) was defined as the coefficient of RNA correlated with survival. 
expr(RNAi) was defined as the RNA expression. 
The patients with LUAD were divided into high-risk and low-risk groups based on median risk scores. The Kaplan–Meier survival 
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analysis was performed to estimate the survival difference between the two groups. We used the R package “survival” to conduct this 
analysis. 

2.5. The effect evaluation of the TAM-related gene prognostic model 

To assess the effectiveness of risk scores, univariate and multivariate Cox regression analyses were performed to comprehensively 
evaluate the relationship between the model and survival of patients with LUAD. The time-dependent receiver operating characteristic 
(ROC) curve was used to evaluate the predictive ability of the model and the area under the curve (AUC) was calculated to quantify the 
predictive ability. We used R package “survival” and R package “survivalROC” to perform these analyses. 

2.6. Acquisition of lung cancer and paracancer tissues 

Lung tissue was collected after the resection of lung cancer and divided into paracancer and lung cancer tissues. To extract total 
RNA, the tissues were placed into the labeled centrifuge tubes and stored at − 80 ◦C. Informed consent from patients were obtained 
prior to the surgeries, and all experimentation procedures were reviewed and approved by the Ethics Committee of the Jinshan 
Hospital (JIEC 2022-S56). A total of 18 samples from nine patients with LUAD were collected for RNA and protein extractions. The 
clinical data of the nine patients with LUAD are shown in Table 1. 

2.7. Real-time quantitative polymerase chain reaction (RT-qPCR) 

The total RNA was extracted from the tissues using an RNA extraction kit (no. R701-01, Vazyme) following the manufacturer’s 
instructions. Reverse transcription was performed using a Primescript RT reagent kit (no. RR047Q, Takara) and the Life Technology 
ABI 7500 System based on SYBR-Green PCR kit (no. A25742, Thermo Fisher Scientific). The △△Ct method was used for calculating the 
gene expression relative to a housekeeping gene. The primer sequences used in the RT-qPCR are presented in Table 2. 

2.8. Western blotting 

Total protein was extracted from the tissue samples using radioimmunoprecipitation assay (RIPA) buffer (no. P0013B, Beyotime) 
following the manufacturer’s instructions. Ten micrograms of protein were loaded into a 4–12% Bis-Tris gel (no. NW04120BOX, 
Thermo Fisher Scientific) and subjected to electrophoresis at 80 V for 0.5 h and then 120 V for 1.5 h. Subsequently, the proteins were 
transferred to a nitrocellulose membrane (no. IB33002, Thermo Fisher Scientific) for 6 min at 48 V. The membrane was incubated with 
5% milk in Tris-buffered saline with 0.1% Tween® 20 detergent (TBST) for 1 h to block non-specific antibody binding. Membranes 
were then incubated with the primary antibodies in TBST overnight at 4 ◦C. The primary antibodies used in this study were: TUBA1B 
(no. ab108629, Abcam, 1:2000), PEBP1 (no. ab76582, Abcam, 1:2000), and GAPDH (no. ab181602, Abcam, 1:2000). Subsequently, 
the membranes were washed with TBST for 45 min and incubated with the appropriate horseradish peroxidase (HRP)-conjugated 
secondary antibody (no. A0208, Beyotime, 1:8000) for 2h. After incubating with the secondary antibody, the membranes were washed 
with TBST for 45 min. Optical density was determined via densitometry analysis using the ImageJ software. 

2.9. Statistical analysis 

The R software (version 4.2.2) was used to conduct all analysis. The function annotation was performed using the metascape 
database (https://metascape.org) and visualized using the R package “ggplot2” [24]. The GEPIA2 database (http://gepia2.cancer-pku. 
cn/) was used to explore transcription characteristics of the genes of interest [25]. The Prism 9 was used to analyze data from the 

Table 1 
Clinical data of the nine patients with LUAD that participated in this study.  

Age (years) Sex Stage T M N 

74 Female Stage IB T2 M0 N0 
65 Male Stage IB T2 M0 N0 
46 Male Stage IIA T2a M0 N1 
69 Male Stage IIA T2b M0 N0 
70 Male Stage IA T2 M0 N0 
74 Female Stage IIIA T2 M0 N2 
74 Female Stage IB T2 M0 N0 
74 Male Stage IA T1a M0 N0 
73 Male Stage IIB T3 M0 N0 

Notes: The TNM cancer staging system includes: T, extent of the tumor (T1a, extent of the tumor≤1 cm; T2, 3 cm < extent of the tumor≤5 cm; T2a, 3 
cm < extent of the tumor≤4 cm; T2b, 4 cm < extent of the tumor≤5 cm; T3, 5 cm < extent of the tumor≤7 cm); M, presence of metastasis (M0, no 
presence of metastasis); and N, lymph nodes (N0, no regional lymph node metastasis; N1, metastasis in ipsilateral peribronchial and/or ipsilateral 
hilar lymph nodes and intrapulmonary nodes, including involvement by direct extension; N2, metastasis in ipsilateral mediastinal and/or subcarinal 
lymph nodes). 
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Table 2 
Primer sequences used in the real-time polymerase chain reaction.  

Genes Forward primer Reverse primer 

HLA-DMB TGGGGTGCTGAATAGCTTGG GGGTGTGTGTGGCACAATTC 
HMGN3 CAGAGAATACAGAGGGCAAAGATGG CAGTTTTCTGTGCCTCTTCAGC 
ID3 AGCGCGTCATCGACTACATT TGACAAGTTCCGGAGTGAGC 
PEBP1 CGCCCACCCAGGTTAAGAAT GGTCTGTCAGGACCAAGGTG 
TUBA1B CAACTACCAGCCTCCCACTG CATGCTGCAGGGCCAAAAG  

Fig. 1. The atlas of LUAD at single cell level resolution. A, the cell type clusters of LUAD. B, the group clusters of LUAD. C, the marker genes of cell 
type clusters, and the red dot represents high level of average expression, while blue dot represents low level of average expression, besides, the size 
of dot represents percentage of cells expressing the marker. (For interpretation of the references to colour in this figure legend, the reader is referred 
to the Web version of this article.) 
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RT-qPCR and Western blotting. The student t-test was used to evaluate the statistical significance and P < 0.05 was considered sta-
tistically significant. 

3. Results 

3.1. Sc-RNA atlas of LUAD 

The Sc-RNA sequencing data were filtered and 10,408 cells were retained for subsequent analysis. After UMAP reduction, the cells 
were classified into 22 clusters, which were annotated using marker genes. Finally, 10 clusters were identified using the CellMarker 
database (http://xteam.xbio.top/CellMarker/), most of which were immune cells (Fig. 1A), indicating that immune cells play a crucial 
role in early tumorigenesis and LUAD development. A high heterogeneity between LUAD and normal lung tissues (Fig. 1B) was 
observed, revealing the changes in the biological functions of various cells in tumor tissues, contributing to the formation of a tumor 
microenvironment with the conditions necessary for tumorigenesis. We also obtained the results of cell annotation and visualized the 
marker genes for each cell type using dot plots (Fig. 1C). 

3.2. Identification of specific LUAD TAMs 

The UMAP reduction was used to analyze the heterogeneity among macrophages and three clusters of macrophages were identified 
(Fig. 2A). A total of 601 macrophages were extracted for analysis, of which, 484 macrophages were from normal lung tissues and 116 
macrophages were from tumor tissues (Fig. 2B). The gene expression patterns of the three macrophages clusters differed from each 
other. Therefore, the macrophages were categorized into three different functional subtypes (Fig. 2C). The Gene Oncology Biological 
Process (GOBP) annotation of the marker genes of the functional subtypes revealed that FC1 macrophages were mainly responsible for 
immune response, whereas FC2 macrophages were primarily responsible for immunomodulation, and the FC3 macrophages were 
chiefly involved in the tumor immunity-related functions (Fig. 2D). The cells of FC2 were mainly derived from normal lung tissues, 
whereas the cells of FC3 were primarily derived from tumor tissues. The large functional difference between FC2 and FC3 in the GOBP 
analysis illustrates the high heterogeneity of macrophages in normal lung and tumor tissues. 

3.3. Pseudotime analysis of LUAD macrophages 

The 601 macrophages were arranged on a trajectory distribution map based on the degree of genetic change, which demonstrated 
that a more pronounced conversion of macrophages from a normal to a tumor state occur (Fig. 3A). The left side of the trajectory was 
almost exclusively composed of macrophages from the normal lung tissue, whereas the right side had an increased percentage of 
macrophages from the tumor tissue, and the bottom side had macrophages from both normal lung and tumor tissues. After replacing 
the cell labels, FC1 macrophages were observed to be in the transition state mainly, FC2 macrophages were primarily in the normal 
state, and FC3 macrophages were chiefly in the tumor state, which is consistent with the function subtypes identified by the gene 
expression patterns (Fig. 3B). The gene enrichment analysis of normal, tumor, and transition states revealed gene expression differ-
ences between the three states. A strong immune activation was observed in macrophages in the tumor state. Contrarily, the activation 
of metabolism-related pathways in macrophages was in the normal state, and that of the glucose metabolism-related pathways in 
macrophages was in the transformed state (Fig. 3C). All macrophage-related genes were categorized into three clusters based on their 
expression patterns. The genes in cluster 1 were more expressed in the transition and normal states, in cluster 2 were more expressed in 
the tumor state, and in cluster 3 were more expressed in the transition state (Fig. 3C). Thus, we selected the genes enriched in cluster 2 
(with higher expression in tumor state) to explore the prognostic value. 

3.4. Construction of a TAM-related gene prognostic model in LUAD 

A total of 121 genes in cluster 2 were obtained using the BEAM function. Furthermore, the univariate Cox proportional hazard 
analysis identified 28 prognostic genes from 121 genes (P < 0.01), including 18 high-risk genes (HR > 1) and 10 low-risk genes (HR <
1). Subsequently, the multivariate Cox proportional hazard analysis identified five survival-associated genes from 28 prognostic genes 
(P < 0.01). The five genes associated to survival were: HLA-DMB, HMGN3, ID3, PEBP1, and TUBA1B. The five survival-associated 
genes were used to construct a TAM-related gene prognostic model [risk score = (0.005 × TUBA1B) + (0.028 × HLA-DMB) +
(− 0.004 × PEBP1) + (0.003 × HMGN3) + (0.009 × ID3)]. 

Patients with LUAD were divided into high- and low-expression groups based on the median expression of the five survival- 
associated genes. The overall survival (OS) was significantly different (P < 0.05) (Fig. 4A–E). Based on the risk score calculated 

Fig. 2. The comprehensive analysis of macrophages of LUAD at single cell level resolution. A, the Seurat clusters of macrophages. B, the group 
clusters of macrophages. C, the markable gene average expression heatmap of Seurat clusters of macrophages, and the red square represents high 
level of Pearson correlation coefficient, while blue square represents low level of Pearson correlation coefficient. D, the GOBP enrichment of marker 
genes of macrophages, and red bar represents low level of P-value, while blue bar represents high level of P-value, besides, the length of bar 
represents gene counts in each GOBP term. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 
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using formula 1, we divided the patients with LUAD into high- and low-risk groups according to the median of risk score. The OS was 
statistically significant (P < 0.01) (Fig. 5A). The risk score and the relevant survival statuses of the patients with LUAD were observed 
using the risk curve and scatterplot (Fig. 5C and D), indicating that the mortality was associated with the risk score. The heatmap of the 

Fig. 3. The pseudotime analysis of macrophages of LUAD. A, the trajectory map of macrophages of LUAD in group types. B, the trajectory map of 
macrophages of LUAD in function subtypes. C, the BEAM heatmap of macrophages, and the GOBP enrichment of genes in 3 clusters located left side, 
besides, the red point represents high expression of gene while blue point represents low expression of gene. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of this article.) 
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Fig. 4. The survival curve of 5 TAM-related genes. A, the survival curve of HLA-DMB. B, the survival curve of HMGN3. C, the survival curve of ID3. 
D, the survival curve of PEBP1. E, the survival curve of TUBA1B. 

X. Zhang et al.                                                                                                                                                                                                          



Heliyon 10 (2024) e27586

9

(caption on next page) 

X. Zhang et al.                                                                                                                                                                                                          



Heliyon 10 (2024) e27586

10

five TAM-related genes revealed the expression profile characteristics of the genes in patients with LUAD (Fig. 5E). 
To assess whether the risk score was an independent prognostic factor for the patients with LUAD, we performed univariate and 

multivariate Cox regression analyses. The hazard ratio (HR) of the risk score was 1.175 (95% confidence interval (CI): 1.117–1.237) (P 
< 0.01) in the univariate Cox regression analysis (Fig. 5F). In contrast, the HR of the risk score was 1.166 (95% CI: 1.100–1.236) (P <
0.01) in the multivariate Cox regression analysis (Fig. 5G). Therefore, the risk score can be an independent prognostic factor for 
patients with LUAD. The AUC of the risk score was 0.751, which was the highest among other clinical factors, indicating that risk score 
can be used as a predictor for the prognosis of patients with LUAD (Fig. 5B). 

3.5. Cross-validation of five TAM-related genes 

We noticed that five TAM-related genes had prognostic value, which was displayed as the Kaplan–Meier survival plots. The GEPIA2 
database was used to explore the transcription characteristics of the five TAM-related genes. This analysis demonstrated that HMGN3 
and TUBA1B had different expression patterns among the four stages (Fig. 6B and E); however, HLA-DMB, ID3, and PEBP1 had no 
differences in the expression pattern among the four stages (Fig. 6A, C, and 6D). Moreover, the stage IV patients with LUAD had highest 
TUBA1B expression level, indicating that TUBA1B might be related to the progression of stage IV lung cancer. The RT-qPCR and WB 
indicated that expression level of PEBP1 was lower in the LUAD lung tissue than that in paracancer tissue (Fig. 6I, K and 6L). In 
addition, TUBA1B was higher in LUAD lung tissue than that in paracancer tissue (Fig. 6J, K and 6M) (P < 0.05). In contrast, HLA-DMB, 
HMGN3, and ID3 had no statistically significant differences between the paracancer and LUAD lung tissues (Fig. 6F, G, and 6H). 

4. Discussion 

Lung cancer can be classified into small cell lung cancer and non-small cell lung cancer based on pathomorphological manifes-
tations [26]. Among them, LUSC and LUAD account for the highest incidence rate of non-small cell lung cancer [26,27]. The LUAD 
incidence rate is increasing annually and exceeded the incidence rate of LUSC(26). Currently, LUAD is a relevant medical issue that 
needs urgent attention and solution. Compared with LUSC, LUAD is more closely related to post-transcriptional regulation [28–30]. 
Therefore, exploring the transcriptomics of LUAD is crucial. Recently, Sc-RNA sequencing has become a powerful tool for exploring the 
tumor microenvironment. Sc-RNA sequencing analyzes the tumor tissue at cellular level, thus providing more information than the 
bulk transcriptome sequencing. 

Many immune cells are present in the tumor microenvironment, which play a crucial role in tumor development [31]. Among these 
immune cells, TAMs are the most prominent components [31]. TAMs promote tumorigenesis and tumor development via multiple 
cellular pathways [32,33]. Therefore, exploring the transcriptomics of TAMs can help to develop more sensitive tumor markers and 
therapeutic targets. In this study, we identified genes closely related to tumorigenesis by investigating genes that undergo expression 
pattern shifts in the state transitions of TAMs. Using survival analysis, we identified five genes that may serve as tumor markers and 
therapeutic targets. 

The results of the univariate Cox regression analysis revealed that the risk score can be used as an independent prognostic factor 
and a prognosis tool for the patients with LUAD as other clinical indicators [23]. The results of the multivariate Cox regression analysis 
further confirmed this finding. Currently, the stage system of LUAD is frequently used to predict the prognosis of patient in the clinical 
practice. However, single-cell sequencing studies on LUAD have revealed that LUAD tissue comprises cancer cells and various het-
erogeneous cells that collectively constitute the tumor microenvironment. These cells impact the proliferation, migration, and invasion 
of cancer cells [34,35]. Therefore, simply using the stage system of LUAD for prognosis is inaccurate. The genetic background and 
tumor microenvironment of each patient are different; thus, even patients with the same cancer stage have different prognosis. 
Consequently, developing prognosis prediction models based on transcriptomics is important. 

In the ROC, the AUC of the risk score reached 0.751, whereas the AUC of the clinical stage was only 0.709, which further dem-
onstrates the accuracy of the prognosis model. GOBP analysis indicated that functions of cluster 2 and FC3 genes were majorly 
enriched in tumor-promoting and immunosuppression-related pathways. Among these functions the cell activation, positive regula-
tion of cell migration, and regulation of MAP Kinase (MAPK) cascade were enriched mostly. Four classes of MAPK pathways are 
known, among which the Ras/Raf/MEK/ERK pathway is the most closely related to tumorigenesis and cancer development [36]. The 
function of TAMs is closely related to the activation of the MAPK pathway. The MAPK pathway regulates the biological pattern of 
epithelial cells by autocrine and paracrine regulation of the ligand expression in the tumor microenvironment, thereby generating 
proliferation- and migration-related secondary signaling to malignant epithelial cells. 

The RT-qPCR and Western blotting analyses showed that TUBA1B and PEBP1 were differentially expressed in tumor and para-
cancer tissues. TUBA1B has not been well studied; however, it is predicted to be involved in microtubule cytoskeleton organization and 
mitotic cell cycle, and to act upstream of or within cellular response to interleukin-4. TUBA1B expression in tumors leads to poor 

Fig. 5. The comprehensive validation of risk score. A, the survival curve of risk score. B, the ROC curve of risk score. C, the risk curve based on the 
risk score of each sample. D, the scatterplot based on the survival status of each sample, and the green and red dots represent survival and death. E, 
the heatmap displayed the expression levels of TAM-related genes in the high-risk and low-risk groups. F, the results of univariate Cox regression 
analysis of risk score and other clinical factors. G, the results of multivariate Cox regression analysis of risk score and other clinical factors. Clinical 
factors: age, gender, stage, T (tumor size), N (lymph node metastasis) and M (distant metastasis). (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web version of this article.) 
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prognosis and chemoresistance [37,38]; however, its exact mechanism remains unexplored. In this study, using single-cell data, we 
observed that TUBA1B was highly expressed in TAMs, and an indirect regulatory mechanism to control the biological characteristics of 
tumor cells may exist. The data of GEPIA2 showed that the expression of TUBA1B increased significantly in LUAD stage IV. That is, 
TUBA1B is not expressed at high levels in tumor cells to promote tumor development, rather, it is expressed at high levels in TAMs to 
promote changes in the tumor microenvironment, thereby enabling tumor proliferation and metastasis. 

PEBP1 encodes a member of the phosphatidylethanolamine-binding family of proteins and has been shown to modulate multiple 
signaling pathways, including the MAPK, NF-kappa B, and glycogen synthase kinase-3 (GSK-3) signaling pathways [39]. PEBP1 plays a 
key role in various tumors, mainly by inhibiting tumor metastasis [40,41]. Conversely, data from GEPIA2 showed that the PEBP1 
expression did not differ significantly in any of the four stages of tumorigenesis and cancer development. Although, the major 
mechanisms by which PEBP1 functions have been explored in many studies, in this study PEBP1 was expressed in tumor-associated 
macrophages, providing another perspective for the study of the tumor microenvironment in LUAD. 

This study had some limitations. First, the specific regulatory mechanisms and therapeutic strategies of TUBA1B and PEBP1 in 
LUAD had not been thoroughly investigated. Second, the established prognosis model requires external validation with a large amount 
of data. Third, other prognostic TAM-related genes in the prognosis model requires more in-depth mechanism research. Finally, we 
used only one single-cell data for our analysis, therefore, the results may not be comprehensive. This study indicates the direction for 
future research on TAMs in LUAD. In future research, we will focus on exploring the biological mechanisms of TAMs in LUAD and 
developing novel therapeutic strategies. 

5. Conclusion 

In conclusion, we identified a novel TAM-related prognostic model consisting of five genes (HLA-DMB, HMGN3, ID3, PEBP1, and 
TUBA1B) in LUAD. The increased expression of TUBA1B in advanced LUAD may be a prognostic marker; in contrast, the low 
expression of PEBP1 in LUAD indicates that PEBP1 can potentially be a therapeutic target. These findings pave the way for future 
research on LUAD treatment. 
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expression level of ID3. D, the stage expression level of PEBP1. E, the stage expression level of TUBA1B. F, the RT-qPCR of HLA-DMB. G, the RT- 
qPCR of HMGN3. H, the RT-qPCR of ID3. I, the RT-qPCR of PEBP1. J, the RT-qPCR of TUBA1B. K, the Western blot of PEBP1 and TUBA1B. L, the 
statistic analysis of WB in PEBP1. M, the statistic analysis of WB in TUBA1B. “*” represents P-value <0.05; “**” represents P-value <0.01; “***” 
represents P-value <0.001; “****” represents P-value <0.0001. 
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