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Background: Lung cancer (LC) is the most common cancer. Using data from The Cancer Genome Atlas 
(TCGA), we analyzed the functional roles of M1 macrophage status in LC patients.
Methods: Clinical and transcriptome data of LC patients were obtained from the TCGA dataset. 
We identified M1 macrophage-related genes in LC patients and investigated the underlying molecular 
mechanisms of these genes in LC patients. After performing a least absolute shrinkage and selection operator 
(LASSO) Cox regression analysis, the LC patients were divided into two subtypes, and the underlying 
mechanism of the association between them was further explored. A comparison of immune infiltration was 
conducted between the two subtypes. Based on gene set enrichment analysis (GSEA), the key regulators 
associated with subtypes were further explored.
Results: M1 macrophage-related genes were identified using TCGA data, and these genes might be related 
to the activation of the immune response and cytokine-mediated signaling pathways in LC. A seven M1 
macrophage-related gene signature (including STAT1, TAP1, UBE2L6, TAP2, CXCR6, PSMB8 and CD2) was 
identified in LC using LASSO Cox regression analysis. Two subtypes (low risk and high risk) of LC patients 
were created based on the seven M1 macrophage-related gene signature. Univariate and multivariate survival 
analyses further confirmed that the subtype classification was an effective independent prognostic factor. 
Moreover, the two subtypes were correlated with immune infiltration, and GSEA revealed that the pathways 
of tumor cell proliferation and immune-related biological processes (BPs) might play an important role in 
LC in the high-risk group and low-risk group, respectively.
Conclusions: M1 macrophage-related subtypes of LC were identified and were closely associated with 
immune infiltration. The gene signature involved in M1 macrophage-related genes could help make a 
distinction and predict prognosis for LC patients.
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Introduction

Lung cancer (LC) is the most common cancer; it has the 
highest incidence and mortality rates. Adenocarcinoma 
is the most common type of LC (1). Although many 
efforts have been made to treat and diagnose LC, the 
5-year survival rate of LC is only approximately 20% (2). 
Therefore, it is critical to discover an ideal novel target 
for the early-stage detection, prognosis and therapeutic 
intervention of LC.

Although infiltrating immune cells can control the 
progression of tumors, tumors can weaken the function 
of immune cells to protect themselves by generating a 
tumor microenvironment (3,4). Macrophages, which can 
be divided into classic M1 or alternative M2 types in tumor 
microenvironments, can both promote and suppress cancer 
growth (5-7). M1 macrophages are considered antitumor 
factors, while M2 macrophages are considered tumor-
promoting factors (8). The presence of M1 macrophages is 
associated with strong CD8+ tissue-resident memory (TRM) 
T-cell tumor infiltration and better survival outcomes 
in patients with LC (9), indicating that this feature is 
highly clinically relevant. Therefore, M1 macrophages 
are essential for tumor growth, invasion and metastasis in 
cancer. However, M1 macrophages have been studied to 
a lesser extent in LC. Thus, it is important to identify M1 
macrophage biomarkers that are beneficial in LC.

Recently, the prognostic gene signatures of autophagy, 
ferroptosis  and immune were established in lung 
adenocarcinoma (10-12), however, the role of macrophages-
related genes in the prognosis of LC remains unclear. 
Considering M1 macrophages are considered antitumor 

factors, we focused on the essential role of M1 macrophages 
in LC to construct an M1-related gene signature for the LC 
cohort, demonstrating that it has independent prognostic 
value, as well as exploring the clinical utility for LC patients.

Herein, a systematic study was performed to identify 
M1 macrophage-related genes in LC using The Cancer 
Genome Atlas (TCGA) database and to investigate the 
underlying molecular mechanisms of these genes in LC 
patients. We present the following article in accordance 
with the TRIPOD reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-80/rc).

Methods

Datasets of LC patients

The raw data and clinical details were obtained from 
the TCGA and the Gene Expression Omnibus (GEO) 
databases. The cohort contained 507 LC patients for a 
training set, with the complete clinical information of 
507 patients for further analysis from the TCGA database 
(https://portal.gdc.cancer.gov/repository). The raw data and 
the clinical information of 442 LC patients for a validation 
set were obtained from the GEO database (https://www.
ncbi.nlm.nih.gov/geo/). All the patients did not receive 
preoperative chemotherapy or radiation and follow-up 
information was available at least two years. The frozen 
sections of the samples considered for inclusion in this 
study. The “rtracklayer” and “dplyr” R packages were used 
to change gene names from Ensemble IDs to gene symbols 
through the Ensemble database. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

Identification and functional annotation of M1 
macrophage-related genes in LC

M1 macrophage-related genes were obtained from 
LC patients in the TCGA database, M1 macrophage 
is calculated based on the CIBERSORT, and the top 
10 genes were selected to display based on the P value. 
Comprehensive networks were used to explore the 
relationship between these macrophage-related genes 
and M1 macrophages. Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses 
were performed by applying the “ClusterProfiler” R 
package. The statistical significance of GO and KEGG 
analysis used the q<0.05.
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Construction and validation of a prognostic gene model in 
the TCGA-LC cohort

To explore the prognostic value of M1 macrophage-related 
genes in LC patients, 11 prognostic M1 macrophage-related 
genes were identified using univariate Cox analysis. Then, 
a prognostic model of 11 prognostic M1 macrophage-
related genes was developed by least absolute shrinkage 
and selection operator (LASSO) Cox regression through 
the “glmnet” R package. Nonzero coefficients were used as 
variables to construct a prognostic model when the lambda 
condition was minimal. The risk score was calculated as 
follows: risk score = sum (expression level of each gene × 
corresponding coefficient). Then, TCGA-LC patients were 
divided into high- or low-risk groups by the median risk 
score. Kaplan-Meier curves were drawn and analyzed by 
the R package “survival”. Calculation of hazard ratios (HRs) 
with 95% confidence intervals (CIs) was based on Cox 
proportional hazards analysis. The seven-gene signature 
was assessed to predict LC patient prognosis from the GEO 
cohort. The P value, risk coefficient (HR) and CI were 
analyzed by univariate and multivariate survival analyses.

Comparative analysis of immune infiltration between LC 
subtypes

The immune infiltration of the two subtypes was estimated 
by CIBERSORT algorithms using the “immunedeconv” 
R package and visualized as heatmaps and boxplots. In 
addition, 8 immune checkpoint-related genes were selected, 
including ATIC, OLA1, CTLA4, PDCD1, CD274, IDO1, 
HAVCR2 and PDCD1LG2, and the correlation of these 
eight genes was visualized. Statistical significance was 
determined by the Wilcox test, and P<0.05 was considered 
significant.

Gene set enrichment analysis (GSEA)

The local version of GSEA (http://software.broadinstitute.org/
gsea/index.jsp) was used to investigate the biological function 
of the two LC subtypes. The GO biological processes (BPs) 
and KEGG pathways were utilized for GSEA independently. 
The false defection rate q<0.05 was used to select the BPs and 
KEGG pathways enriched in each subtype.

Statistical analysis

All statistical analyses were conducted in the R language 

(Version 3.6.3). Univariate and multivariate survival analysis 
were developed to identify independent prognostic factors 
in LC using the criteria of P<0.05. Kaplan-Meier survival 
analysis was conducted between high- and low-risk groups 
and evaluated using a log-rank test. A two-sided P value 
<0.05 was considered statistically significant. GSEA analysis 
was used to select the BPs and KEGG pathways using the 
criteria of q<0.05.

Results

Identification of M1 macrophage-related genes in LC

To explore the distribution characteristics of M1 
macrophages in LC patients, we first explored M1 
macrophage-related genes in LC patients in the TCGA 
database. In total, 87 M1 macrophage-related genes were 
identified (available online: https://cdn.amegroups.cn/static/
public/jtd-23-80-1.xlsx), and the top 10 genes positively 
correlated with M1 macrophages are shown in Figure 1A 
(including CXCL10, CXCL9, CXCL11, GBP1, CALHM6, 
GBP4, GBP5, WARS1, STAT1 and IFNG).

Next, comprehensive networks were proposed to explore 
the relationship between these macrophage-related genes 
and M1 macrophages. Interestingly, all these genes were 
positively associated with M1 macrophages, and the top 
30 genes were also positively correlated with each other  
(Figure 1B,1C).

Functional annotation of M1 macrophage-related genes in 
LC

We further investigated the underlying molecular 
mechanisms of these M1 macrophage-related genes, 
and functional enrichment analyses, including GO and 
KEGG analyses, were performed. The enriched BPs 
of GO were mainly associated with T-cell activation, 
the cytokine-mediated signaling pathway, mononuclear 
cell differentiation, the chemokine-mediated signaling 
pathway and the response to interferon-gamma (IFN-γ)  
(Figure 2A). The enriched molecular functions (MFs) 
and cell components (CCs) of GO were similar to the 
those of the BPs (Figure 2A and available online: https://
cdn.amegroups.cn/static/public/jtd-23-80-2.xlsx) . 
Comprehensive networks were proposed to explore the 
relationship between the macrophage-related genes and 
BPs of GO (including T-cell activation, cellular response to 
IFN, response to IFN, T-cell differentiation and regulation 
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Figure 1 Identification of M1 macrophage-related genes in lung cancer. (A) The top 10 genes positively related to M1 macrophages 
were identified. Macrophages M1 mean the expressions of M1 macrophages-related genes. (B) Comprehensive networks between M1 
macrophage-related genes and M1 macrophages. (C) The top 30 M1 macrophage-related genes correlated with each other.

of T-cell activation) in Figure 2B. The genes IFNG, CCL5, 
IRF1, LAG and PLA2G2D were related to three BPs  
(Figure 2B).

Furthermore, KEGG analysis found that the activation 
of the immune response, myeloid leukocyte activation, 
leukocyte migration, phagocytosis and the positive 
regulation of cytokine production (Figure 2C and available 
online: https://cdn.amegroups.cn/static/public/jtd-23-80-2.
xlsx) were enriched, which further supports the GO results. 

Comprehensive networks were used to further explore 
the relationship between these macrophage-related genes 
and KEGG pathways. We found that five genes, VSIG4, 
TREM2, TYROBP, C1QA and HAVCR2, were related to 
three KEGG pathways (Figure 2D).

These results suggest that M1 macrophage-related 
genes might play an important role in the activation of the 
immune response and cytokine-mediated signaling pathway 
in the occurrence and development of LC.
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Figure 2 Functional annotation of M1 macrophage-related genes in lung cancer. (A) GO analysis of M1 macrophage-related genes. (B) 
Comprehensive networks between M1 macrophage-related genes and biological processes of GO. (C) KEGG pathway analysis of M1 
macrophage-related genes. (D) Comprehensive networks between M1 macrophage-related genes and KEGG pathways. MHC, major 
histocompatibility complex; CCR, chemokine receptors; BP, biological process; CC, cell component; MF, molecular function; GO, Gene 
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes. 

Identification of seven M1 macrophage-related genes in LC

To explore the prognostic value of M1 macrophage-related 
genes in a total of 507 TCGA-LC patients, 11 prognostic 
M1 macrophage-related genes were identified using 
univariate Cox analysis, including STAT1, TAP1, UBE2L6, 
TAP2, CXCR6, GZMK, PSMB8, SH2D1A, CD3D, CD2 and 
LCK (Figure 3A).

We further used LASSO Cox regression analysis to 

prioritize these candidate macrophage-related genes, and 
a seven-gene signature was determined. The risk score of 
each patient was generated using the following risk score 
formula: risk score = (0.0458) × STAT1 + (0.0474) × TAP1 
+ (0.0633) × UBE2L6 + (0.3768) × TAP2 + (−0.3185) 
× CXCR6 + (0.0319) × PSMB8 + (−0.1375) × CD2  
(Figure 3B,3C and available online: https://cdn.amegroups.
cn/static/public/jtd-23-80-3.xlsx). Given the relationship 
between these seven genes and the LC subtypes, LC 
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Figure 3 Identification of seven M1 macrophage-related genes in lung cancer. (A) Eleven prognostic M1 macrophage-related genes were 
identified using univariate Cox analysis. (B) Cross-validation for tuning the parameter selection in the LASSO regression. (C) Low-risk and 
high-risk groups were determined by the median value of the risk score. The expression levels of seven M1 macrophage-related genes were 
involved in the prognostic signature in TCGA-LC patients. (D) KM curves of low-risk and high-risk groups in TCGA-LC patients. (E) The 
AUCs for OS of the gene signature at 1, 3, and 5 years. (F) KM curves of the low-risk and high-risk groups in GEO-LC patients. AUC, area 
under the receiver operating characteristic curves; LASSO, least absolute shrinkage and selection operator; TCGA, The Cancer Genome 
Atlas; LC, lung cancer; KM, Kaplan-Meier; OS, overall survival; GEO, Gene Expression Omnibus. 
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patients were divided into a high-risk group and a low-
risk group (Figure 3C). Kaplan-Meier (KM) curves of 
these seven M1 macrophage-related genes further showed 
that the low-risk group had a longer overall survival (OS) 
time than the high-risk group (P<0.001; Figure 3D). 
Receiver operating characteristic (ROC) curves were 
used to further assess the prognostic values of these seven 
genes. The 1-, 3- and 5-year areas under the ROC curves 
(AUCs) for OS were 0.643, 0.682, and 0.690, respectively  
(Figure 3E). Additionally, the prognostic value of this seven-
gene signature could be validated using a total of 442 LC 
patients from the GEO cohort (Figure 3F and available 
online: https://cdn.amegroups.cn/static/public/jtd-23-80-
3.xlsx). The KM curves of these genes between the low- 
and high-risk groups were consistent with the results of the 
TCGA cohort (Figure 3F and available online: https://cdn.
amegroups.cn/static/public/jtd-23-80-3.xlsx). These results 
suggest that these seven macrophage-related genes might 
act as key regulators in the development of LC.

Validation of the subtype classification of the seven 
macrophage-related gene signature

The above high- and low-risk groups were associated 
with clinical outcomes. We further assessed whether the 
subtype classification of the seven macrophage-related gene 
signature could serve as an independent prognostic factor 
using univariate and multivariate survival analyses. The 
Cox proportional hazards regression model was constructed 
in the TCGA-LC cohort through candidate independent 
variables (age, sex, stage, and risk score of the model). 
Univariate survival analysis found that the subtype of the 
seven macrophage-related gene signature was significantly 
associated with an adverse prognosis in patients with LC 
(HR 3.810, 95% CI: 2.584–5.618, P<0.001, Figure 4A and 
available online: https://cdn.amegroups.cn/static/public/
jtd-23-80-4.xlsx). Moreover, multivariate survival analysis 
revealed that the subtype was an independent prognostic factor 
independent of age, sex and tumor stage (HR 2.923, 95% CI: 
1.951–4.381, P<0.001, Figure 4B and available online: https://
cdn.amegroups.cn/static/public/jtd-23-80-4.xlsx).

Next, we also found that the high- and low-risk groups 
were positively correlated with several LC classifications, 
including age (P<0.001), sex (P<0.001) and tumor stage 
(P<0.001) (Figure 4C-4E). These results suggest that the 
above subtype classification was an effective independent 
prognostic factor in LC.

Correlation of the two subtypes with immune infiltration 
in the TCGA-LC cohort

Given the two identified subtypes determined by the 
seven M1 macrophage-related genes, we further explored 
whether these subtypes were related to immune infiltration. 
Compared with the low-risk group, the high-risk group 
showed significant differences in the infiltration of 
immune cells, such as plasma cells, follicular helper T cells, 
resting natural killer (NK) cells, M0 macrophages, M1 
macrophages, M2 macrophages and activated dendritic 
cells (Figure 5A). In addition, we also noted that the seven 
M1 macrophage-related genes were significantly associated 
with the infiltration of immune cells (Figure 5B). The 
model of the two identified subtypes was correlated with 
checkpoint inhibitors, including ATIC, OLA1, CTLA4, 
PDCD1, CD274 and HAVCR2 (Figure 5C). These results 
indicate that the two subtypes were correlated with immune 
infiltration in the TCGA-LC cohort.

Signaling pathways in two subtypes in the TCGA-LC 
cohort

Given that the seven M1 macrophage-related genes were 
correlated with survival time, we further investigated the 
hallmark pathways related to the low-risk group and high-
risk group using GSEA. There were 5 upregulated tumor-
related BPs identified in the high-risk group, including cell 
cycle checkpoint signaling, cell cycle phase transition, cell 
growth, cellular component disassembly and chromosome 
segregation (Figure 6A and available online: https://cdn.
amegroups.cn/static/public/jtd-23-80-5.xlsx). In contrast, 
there were 5 upregulated immune-related BPs identified 
in the low-risk group, including the antigen receptor-
mediated signaling pathway, cell receptor signaling 
pathway, complement activation, humoral immune 
response mediated by circulating immunoglobulin and 
immunoglobulin production (Figure 6B and available 
online: https://cdn.amegroups.cn/static/public/jtd-23-80-
5.xlsx). Consistent with the results of BP analysis, there 
were 5 upregulated KEGG pathways identified in the 
high-risk group, including cell cycle, DNA replication, 
focal adhesion, pyrimidine metabolism and spliceosome 
(Figure 6C and available online: https://cdn.amegroups.
cn/static/public/jtd-23-80-5.xlsx). These results suggest 
that the pathways of tumor cell proliferation might act as 
key regulators in the development of LC in the high-risk 
group.
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Figure 4 Validation of the subtype classification of the seven macrophage-related gene signature in lung cancer. (A) The univariate Cox 
regression analysis is shown using a forest plot. (B) The multivariate Cox regression analysis is shown using a forest plot. (C-E) KM curves 
of low-risk and high-risk groups based on age (C), sex (D) and tumor stage (E) in TCGA-LC patients. KM, Kaplan-Meier; TCGA, The 
Cancer Genome Atlas; LC, lung cancer. 
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Figure 5 Correlation of the two subtypes with immune infiltration in the TCGA-LC cohort. (A) Boxplot of immune infiltration status 
between the two subtypes. (B) Correlation of seven macrophage-related genes and immune cells. (C) Correlation of the seven macrophage-
related gene signature and immune checkpoint-related genes. *, a significant difference (P<0.05). TCGA, The Cancer Genome Atlas; LC, 
lung cancer; NK, natural killer.
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Figure 6 Signaling pathways in the two subtypes in the TCGA-LC cohort. (A) Upregulated hallmark biological processes in the high-risk 
group. (B) Upregulated hallmark biological processes in the low-risk group. (C) Upregulated hallmark KEGG pathways in the high-risk 
group. TCGA, The Cancer Genome Atlas; LC, lung cancer; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Discussion

In this study, we first identified M1 macrophage-related 
genes using TCGA data, and these genes might play an 
important role in the activation of the immune response 
and cytokine-mediated signaling pathway in LC. A seven 
M1 macrophage-related gene signature (including STAT1, 
TAP1, UBE2L6, TAP2, CXCR6, PSMB8 and CD2) was 
identified in LC using LASSO Cox regression analysis. 
Two subtypes (low risk and high risk) of LC patients were 
constructed based on the seven M1 macrophage-related 
gene signature. Univariate and multivariate survival analyses 
confirmed that subtype classification was an effective 

independent prognostic factor. In addition, the two subtypes 
correlated with immune infiltration, and GSEA revealed 
that the pathways of tumor cell proliferation and immune-
related BPs might play an important role in LC in the high-
risk group and low-risk group, respectively. In summary, M1 
macrophage-related biomarkers were strongly correlated 
with the prognosis of LC patients.

Classic M1 macrophages are regarded as proinflammatory 
and antitumor factors, whereas alternative M2 macrophages 
are regarded as anti-inflammatory and tumor-promoting 
factors (8,13). Moreover, M1 macrophages are related to 
strong CD8+ T-cell tumor infiltration and better survival 
outcomes in LC (9). In this study, 87 M1 macrophage-
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related genes were associated with activation of the immune 
response and cytokine-mediated signaling pathway in 
LC, which is consistent with previous studies (8,9,13). 
Furthermore, 87 M1 macrophage-related genes were 
identified in this study.

Due to the correlation between the status of M1 
macrophages and clinical outcomes in cancers (8,9,13), 
a gene signature was constructed to divide LC patients 
into high- and low-risk groups. Based on lasso regression 
analysis, we identified that a seven-gene signature, including 
STAT1, TAP1, UBE2L6, TAP2, CXCR6, PSMB8 and CD2, 
showed a substantial effect on survival prediction. Moreover, 
the two subtypes correlated with immune infiltration in the 
TCGA-LC cohort. GSEA revealed that the pathways of 
tumor cell proliferation and immune-related BPs might act 
as key regulators in the development of LC in the high-risk 
group and low-risk group, respectively.

Some of these seven genes have played important roles 
in LC. Signal transducer and activator of transcription 1 
(STAT1) regulates cellular responses to IFNs, cytokines 
and growth factors (14). Moreover, it was reported that 
KHSRP promoted cell invasion and metastasis by activating 
the STAT1 signaling pathway in LC (15). TAP1, encoding 
antigen peptide transporter 1, mediates the translocation 
of peptide antigens from the cytosol to the endoplasmic 
reticulum (ER) (16). The expression of TAP1 is related 
to survival outcomes in breast, lung, liver, and ovarian  
cancer (17). Ubiquitin/ISG15-conjugating enzyme 
(UBE2L6) induces the ubiquitination of the tumor 
suppressor p53/TP53 (18). CXCR6 deficiency impaired 
therapy resistance and CD8+ T-cell recruitment in LC (19). 
In addition, knockdown of KNTC1 influenced non-small 
cell LC by regulating PSMB8 (20). T-cell surface antigen 
CD2 mediates adhesion between T cells and others (21).

Some studies related to prognostic gene signature, 
have been reported in LC (19-21). Li et al. constructed a 
combined ferroptosis and immune prognostic signature for 
lung adenocarcinoma (10). Gong et al. developed a novel 
signature based on autophagy-related lncRNA in lung 
adenocarcinoma (11). Peng et al. constructed a prognostic 
risk signature based on six ferroptosis, necroptosis, and 
pyroptosis-related lncRNAs in LC (12). However, the 
role of macrophages-related genes in the prognosis of LC 
remains unclear. In this study, M1 macrophage-related 
subtypes of LC were identified and were closely associated 
with immune infiltration. The gene signature involved in 
M1 macrophage-related genes could help make a distinction 
and predict prognosis for LC patients.

This study has some limitations. The roles of seven genes in 
LC should be further explored in vitro and in vivo. In addition, 
the mechanism of these genes in LC progression also should 
be explored, which may give new strategies for LC treatment.

Taken together, our findings indicate that the M1 
macrophage status was closely related to the activation of 
the immune response and cytokine-mediated signaling 
pathway in LC patients. Gene signatures related to M1 
macrophages further predicted the prognosis of LC 
patients. For precision medicine, this feature can satisfy 
clinical needs and propose potential therapeutic regimens 
for LC management to a certain extent.

Conclusions

M1 macrophage-related subtypes of LC were identified 
and closely associated with immune infiltration. The gene 
signature involved in M1 macrophage-related genes could help 
make a distinction and predict prognosis for LC patients.
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