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Abstract. Lung adenocarcinoma (LUAD) is associated 
with high morbidity and mortality; therefore, effective 
biomarkers are essential. In recent years, a rapid increase in 
the efficiency of high‑throughput sequencing technologies 
and the continuous improvement of comprehensive online 
databases have facilitated the study of the genomic changes 
that affect tumor progression, including the identification of 
tumor biomarkers. Therefore, the identification of genes that 
may affect the progression and prognosis of LUAD is neces‑
sary. In the present study, the CIBERSORT and ESTIMATE 
bioinformatics packages were used to evaluate data from The 
Cancer Genome Atlas, including assessment of the proportion 
of tumor‑infiltrating immune cells in the tumor microenviron‑
ment, Cox regression analysis of differentially expressed genes 
and cross analysis of protein‑protein interaction networks. 
Myeloid cell NADPH oxidase isoform 2 (NOX2), an indis‑
pensable gene in the immune system, was demonstrated to 
serve a vital role in LUAD pathogenesis. Western blotting and 
immunohistochemistry confirmed that, at the protein level, 
NOX2 expression was increased in normal cells compared 
with cancer cells. Furthermore, reverse transcription‑quantita‑
tive PCR results at the mRNA level were consistent with these 
results, which confirmed that the abundance of NOX2 was 
significantly reduced in LUAD patients. NOX2 may be used 
as a novel marker and an independent prognostic indicator of 
LUAD. Its potential function was enriched in tumor immune 
and metabolic signaling pathways, which could provide clues 
for the study of the signaling pathways and molecular networks 

related to the disease progression of LUAD, which would be 
helpful for the assessment of prognosis in the clinical setting.

Introduction

Lung adenocarcinoma (LUAD) is a disease characterized 
by rapid progression and poor prognosis. Worldwide, LUAD 
has the highest instance of all types of cancer in men and the 
second‑highest incidence in women, although the incidence 
of lung cancer has declined in recent years (1). LUAD is the 
leading cause of cancer‑related deaths worldwide (2). Although 
progress has been reported in the diagnosis and treatment of 
lung cancer, the disease prognosis is still poor and the 5‑year 
overall survival (OS) rate is only 15% (3,4). At present, an 
effective means of early detection is lacking, and the current 
biomarkers for early diagnosis of lung cancer lack specificity 
and sensitivity. The causes of the high mortality associated 
with LUAD are attributed to a high rate of metastasis and 
drug resistance in the middle and late stages of the disease (5). 
With progress in medical technology, in the past 10 years, the 
treatment scheme of LUAD has significantly improved (6); 
however, the LUAD risk stratification strategy and prognosis 
assessment scheme do not satisfactorily meet the clinical 
needs of patients.

The wide application of second‑generation sequencing 
technologies, massive sequencing of public tumor databases 
and clinical information provide a technical basis for gene 
marker screening. Numerous studies to identify new prog‑
nostic biomarkers have been performed by scientists in China 
and worldwide to improve risk stratification and prognostic 
assessment in different LUAD subgroups  (7). Important 
signaling pathways related to tumorigenesis and progression, 
such as the immune microenvironment, ferroptosis, lipid and 
energy metabolism, DNA repair and damage‑related genes, 
can be used as prognostic tools after bioinformatics model 
processing  (8‑10). Furthermore, Bruton tyrosine kinase 
(BTK)  (11), EGFR, ALK and ROS1  (12) genes have been 
reported to be effective single molecular markers for prog‑
nosis. However, the clinical application of these gene markers 
is limited. It is necessary to evaluate the potential novel gene 
markers of LUAD and the mutual regulation between genes 
which can then affect the signaling pathway of tumors (13). 
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The gene deletion of any one of the NADPH oxidase isoform 
2 (NOX2) subunits CYBA, CYBB, neutrophil cytosolic factor 
1 (NCF1), NCF2 and NCF4 can reduce lung cancer metastasis 
as reported by a recent study (14). Based on previous reports, 
NOX2 may be a targeted immune checkpoint in cancer (15,16).

The tumor microenvironment (TME) refers to the cellular 
environment that includes tumor cells, immune cells and 
stromal cells. It serves an important role in tumor proliferation, 
invasion, metastasis and drug resistance (17,18). An important 
component of the TME is tumor‑infiltrating immune cells 
(TICs). TICs can regulate tumor progression via their partici‑
pation in the TME ecosystem, which produces changes that 
have potential prognostic value (19‑21). Moreover, TICs can be 
effectively targeted using drugs (19,22). In the present study, 
RNA sequencing data from The Cancer Genome Atlas (TCGA) 
for patients with LUAD were used and the immune‑related 
tumor markers composed of immune‑related genes related to 
LUAD were evaluated. The development of immunotherapy 
for patients with LUAD is also under way (23). To the best of 
our knowledge, the expression pattern of NOX2 in LUAD, its 
prognostic value and whether or how it affects the immune 
microenvironment of patients with LUAD has not yet been 
reported. In the present study, bioinformatics tools were used 
to evaluate the expression pattern, prognostic value and poten‑
tial biological function of NOX2 in patients with LUAD.

Materials and methods

Data. The analysis process of the present study is presented 
in Fig. 1. Single‑cell transcriptomic RNA sequencing data 
(n=540; tumor cases, n=486; normal cases, n=54;) and 
related clinicopathological characteristics, including age, 
sex, pathological stage and tumor (T)/node (N)/metastasis 
(M) classification of LUAD samples were downloaded from 
TCGA database (Table SI) (24). The ESTIMATE (25) algo‑
rithm (version 1.0.10), an open‑source web tool, was used to 
calculate the proportions of scores of immune cells, stromal 
cells in LUAD samples using the ‘estimate’ package.

Microenvironment scoring. Immune cells and non‑cancer 
stromal cells comprise the TME. The ESTIMATE algorithm 
for R (version 4.0.3; http://www.r‑project.org/) and R ‘limma’ 
Bioconductor package (version 3.34.9; http://www.biocon‑
ductor.org/packages/release/bioc/html/limma.html) was used 
to assess the two types of cells in the microenvironment (26), 
and the ImmuneScore and StromalScore were calculated. The 
sum of the two types of cells was the ESTIMATEScore. The 
higher the ESTIMATEScore, the higher the overall content of 
immune cells and stromal cells, and the smaller the proportion 
of tumor cells.

Clinical survival analysis. The R ‘survival’ package 
(version 3.1‑8, https://CRAN.R‑project.org/package=survival) 
was used for Kaplan‑Meier survival analysis and the log‑rank 
test was performed to analyze significance. Clinical param‑
eters, including age, sex, pathological stage, grade and T/N/M 
classification, were assessed using R software.

Heatmaps and differentially expressed genes (DEGs) analysis. 
The stromal cell and immune cell scores were divided into a 

high score group and a low score group, using the median value 
of all cells as the cutoff. R (version 4.0.3) and the R ‘limma’ 
package (26) was used to perform differentiation analysis of 
the gene expression and to draw the heatmaps. False discovery 
rate (FDR)<0.05 and |logFC|>1 were considered to indicate 
significance for screening of the DEGs.

Enrichment analysis. Two approaches were used for the 
enrichment analysis of DEGs. Differences were evaluated 
using Gene Ontology (GO) (27) terms, including biological 
process, molecular function and cellular component terms. 
DEGs were subjected to molecular function and pathway 
studies using Gene Ontology (GO) analysis and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis  (28). GO and KEGG analyses were performed 
using the clusterProfiler (version  3.10.1; http://biocon‑
ductor.org/packages/release/bioc/html/clusterProfiler.html) 
package (29).

Construction of the protein‑protein interaction (PPI) network. 
The related genes obtained by enrichment analysis were input 
into the STRING (30) database and a PPI network was gener‑
ated using a confidence level of >0.95. The PPI network was 
visualized using Cytoscape (31) (version 3.6.1).

Cox regression analysis. Univariate Cox proportional hazards 
regression was used to further screen for DEGs with prognostic 
value and forest plots were generated using the R ‘survival’ 
package with FDR<0.05.

Gene set enrichment analysis (GSEA). The downloaded 
c2.cp.KEGG.v7.1.symbols.gmt and c7.all.v7.1.symbols.gmt 
datasets (https://www.gsea‑msigdb.org/gsea/downloads.jsp) 
were downloaded from the Molecular Signatures Database 
data bank on the GSEA website and were analyzed using 
GSEA 4.0.3 software (32). Moreover, to evaluate the func‑
tions of both the high and low expression groups, gene set 
permutations were performed 1,000 times for each analysis. 
The number of DEGs expressed in each sample were output 
into expression data files. TCGA samples were divided 
into two groups according to the median of the number of 
expressed genes in the sample and organized into pheno‑
typic data files and GSEA was performed based on these 
two data files.

Cell culture. The human bronchial epithelial BEAS‑2B cell 
line and human lung cancer NCI‑H1975 cell line were donated 
by Qingdao University (Qingdao, China). BEAS‑2B and 
NCI‑H1975 cells were both cultured in RPMI 1640 (Thermo 
Fisher Scientific, Inc.) complete medium containing 10% FBS 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C in an atmo‑
sphere containing 5% CO2.

Western blotting. Protein samples were extracted from cell 
lines using radioimmunoprecipitation assay lysis buffer 
(Beijing Solarbio Science & Technology Co., Ltd.) containing 
1% phenylmethylsulfonyl fluoride. The concentration of 
protein was assessed using a BCA Protein Quantification 
kit (Beyotime Institute of Biotechnology). A total of 20 µg 
protein was loaded per lane. SDS‑PAGE (12.5%) was used 
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to separate the total proteins, which were then transferred to 
polyvinylidene difluoride membranes. The membranes were 
blocked using 5% skimmed milk at 4˚C for 1 h and incubated 
with primary antibodies at 4˚C overnight as follows: NOX2 
(1:1,500; cat. no. A1636; ABclonal Biotech Co., Ltd.) and 
β‑actin (1:50,000; cat. no. ab8227; Abcam). Membranes were 
then incubated with secondary goat anti‑mouse IgG‑HRP 
(1:5,000; cat. no. ab6789; Abcam) antibodies for 1 h at room 
temperature. Proteins were visualized using enhanced chemi‑
luminescence ECL kit (Shanghai Saiyi Biotechnology Co., 
Ltd.; Dalian Meilun Biology Technology Co., Ltd.). ImageJ 
software (version  1.8.0; National Institutes of Health) for 
quantitative analysis.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
total RNA was extracted from cell lines (BEAS‑2B and 
NCI‑H1975) using an RNA Easy Fast Tissue/Cell kit (DP451; 

Tiangen Biotech Co., Ltd.) according to the manufacturer's 
protocol. Reverse transcription was performed using the 
ABScript II cDNA First‑Strand Synthesis Kit (RK20400; 
ABclonal Biotech Co., Ltd.) according to the manufacturer's 
protocols. The thermocycling conditions used were as follows: 
25˚C for 5 min; 42˚C for 15 min; 85˚C for 5 sec and were 
held at 4˚C. NOX2 and GAPDH primers were purchased from 
Shanghai Sangon Biotech Co., Ltd. The primers used were as 
follows: NOX2 forward (F), 5'‑GTG​ATG​TTA​GTG​GGA​GCA​
GGG​ATT​G‑3' and reverse (R), 5'‑GCT​TCA​GAT​TGG​TGG​
CGT​TAT​TGC‑3'; and GAPDH F, 5'‑AGT​CCT​TCC​ACG​ATA​
CCA‑3' and R, 5'‑TAT​GAC​AAC​AGC​CTC​AAG​AT‑3'. GAPDH 
was used as the internal reference. The thermocycling condi‑
tions used were as follows: 1 cycle at 95˚C for 3 min; then 
40 cycles at 95˚C for 5 sec and 60˚C for 30 sec. The mRNA 
expression levels of NOX2 were quantified using the 2‑ΔΔCq 
method (33).

Figure 1. Diagram of the workflow of the present study. TCGA, The Cancer Genome Atlas; DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, 
Kyoto Encyclopedia of Genes and Genomes; PPI, protein‑protein interaction; NOX2, NADPH oxidase isoform 2; GSEA, Gene Set Enrichment Analysis; TICs, 
tumor‑infiltrating immune cells; RT‑qPCR, reverse transcription‑quantitative PCR.
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Immunostaining analysis. The cancer tissues and adjacent 
para‑carcinoma tissues were obtained from the Department of 
Pathology, The Fangzi People's Hospital; tumor and matching 
para‑carcinoma tissues were obtained from the same patients 
with LUAD. Immunohistochemical staining was performed 
according to a previously reported experimental procedure (34). 
Sections were incubated with anti‑NOX2 rabbit primary anti‑
bodies (1:200; cat. no. A1636; ABclonal Biotech Co., Ltd.) and 
secondary goat anti‑mouse IgG‑HRP (1:200; cat. no. AS003; 
ABclonal Biotech Co., Ltd.) antibodies. The expression of 
NOX2 in tumor and para‑carcinoma tissues were evaluated 
using the histochemistry score (H‑Score). The calculation of 
the H‑Score (range, 0‑300) was based on the percentage of 
NOX2 expression (0‑100%) multiplied by staining intensity (0, 
negative; 1, weak; 2, moderate; and 3, strong) (35). The intensity 
of the staining was scored by a pathologist.

TIC assessment. The cell type analysis tool CIBERSORT (36) 
can estimate the proportion of TICs from complex sample 
expression profiles. In the present study, CIBERSORT 
(version 1.03) was used to estimate the proportions of 22 TICs 
in each sample. A bar diagram was used to present the results. 
Using differential analysis and correlation analysis between 
immune cells and NOX2, the correlation between TICs and 
the expression levels of NOX2 were evaluated.

Statistical analysis. GraphPad Prism 5 (GraphPad Software, 
Inc.) was used for statistical analysis. Scatter plots were drawn 
using the ggplot2 R package (version 3.3.0; https://rdocu‑
mentation.org/packages/ggplot2/versions/3.3.0) in R‑studio 
(version, 4.0.3; http://www.r‑project.org/). Normally distrib‑
uted data were presented as the mean ± standard deviation 
and the comparison between two groups was performed using 
paired Student's t‑test. Survival difference analysis P‑values 
were generated using log‑rank test, and hazard coefficients 
were generated using univariate Cox hazard regression. 
Comparisons of gene and protein expression among the 
groups were performed using Kruskal‑Wallis test and Dunn's 
post hoc test. The relationship between gene expression and 
clinical characteristics was assessed using Wilcoxon rank sum 
and the comparison was made according to the number of 
clinical stages. In addition, the Wilcoxon rank sum test was 
used in the analysis of the differential expression of immune 
cells. Paired t‑test was used for semi‑quantitative comparison 
of pathological tissue sections. P<0.05 was considered to indi‑
cate a statistically significant difference. Pearson's correlation 
coefficient was used to test the correlation between NOX2 and 
TIC.

Results

Analytical process of the present study. The original data 
collected from TCGA database included clinical and molecular 
phenotypic data for 486 patients with LUAD (Table I). DEGs 
identified using ImmuneScore and StromalScore were used to 
construct the PPI network and perform univariate Cox regres‑
sion analysis. Intersection analysis was then performed using 
the core nodes in the PPI network and the most significant 
factors obtained using the analysis of univariate Cox regres‑
sion. Based on these results, NOX2 was further evaluated 

in the subsequent series of analyses, including survival and 
clinicopathological characteristics analyses, Cox regression, 
GSEA and TIC correlation analysis. The analytical process of 
the present study is presented in Fig. 1.

A higher immune component proportion of the TME is 
associated with improved prognosis of patients with LUAD. 
To evaluate the proportion of immune and stromal cells in the 
TME, and to further evaluate their role in tumor development, 
Kaplan‑Meier survival analysis of stromal cells and immune 
cells was performed. ImmuneScore and ESTIMATEScore 
were significantly associated with the overall survival rate 
(Fig. 2A and C). By contrast, there was no significant asso‑
ciation between StromalScore and overall survival (Fig. 2B). 
The scores were positively correlated with the proportion of 
the immune, stromal and ESTIMATE components in TME. 

Table  I. Clinicopathological characteristics of patients with 
LUAD from The Cancer Genome Atlas database.

Clinical characteristics	 Value (n=486)	 %

Age at diagnosis, years		
  ≤65	 227	 46.7
  >65	 240	 49.4
  Unknown	 19	 3.9
Sex		
  Male	 264	 54.3
  Female	 222	 45.7
Stage		
  I	 262	 53.9
  II	 112	 23
  III	 79	 16.4
  IV	 25	 5.1
  Unknown	 8	 1.6
T classification		
  T1	 163	 35.5
  T2	 260	 53.3
  T3	 41	 8.4
  T4	 19	 4
  Unknown	 3	 0.6
M classification		
  M0	 333	 68.5
  M1	 24	 4.9
  MX	 125	 125
  Unknown	 4	 0.8
N classification		
  N0	 312	 64.2
  N1	 90	 18.5
  N2	 70	 14.4
  N3	 2	 0.4
  NX	 11	 2.3
  Unknown	 1	 0.2

T, tumor; N, node; M, metastasis.
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These results suggested that there was a significant associa‑
tion between prognosis and immune component proportion in 
patients with LUAD.

Immune and matrix component scores are associated with 
the clinicopathological staging of patients with LUAD. The 
relationship between the immune and matrix component 
scores and the clinical characteristics was also assessed. 
Notably, there was no significant association between the 
scores and age or sex (Fig. S1). The analysis demonstrated that 
the ImmuneScore was significantly associated with several 
clinicopathological characteristics, including pathological 
stage (stage III vs. I, P=0.021; Fig. 3B) and T classification (T2 
vs. T1, P=0.0022; T3 vs. T1, P=0.013; T4 vs. T1, P=0.0086; 
Fig. 3E), ImmuneScore was not significantly associated with 
M classification (Fig. 3H). Furthermore, StromalScore was 
significantly associated with pathological stage (stage Ⅳ vs. I, 
P=0.016; stage Ⅳ vs. II, P=0.023; Fig. 3C) and M classification 
(P=0.0043; Fig. 3I), StromalScore was not significantly asso‑
ciated with T classification (Fig. 3F). The ESTIMATEScore 

demonstrated a significant association with pathological 
stage (stage IV vs. I, P=0.028; Fig. 3A) and M classification 
(P=0.014; Fig. 3G), and was associated with T classification in 
a similar manner to ImmuneScore (T2 vs. T1, P=0.026; T3 vs. 
T1, P=0.022; T4 vs. T1, P=0.03; Fig. 3D). The association with 
clinical characteristics demonstrated that immune and stromal 
cells may serve an important role in tumor progression.

DEGs in patients with LUAD are mainly concentrated in 
immune‑related directions. After scoring the immune micro‑
environment of immune cells and stromal cells, we divided 
the two kinds of cells into high and low expression groups 
according to the median expression level and analyzed the 
differences to further evaluated which genes were different 
between the two groups. (Fig. S2). A total of 374 common 
DEGs were identified from the high and low score samples 
of the immune and stromal cells, including 318 upregulated 
genes and 56 downregulated genes (Fig. 4A and B). These 
co‑expressed genes may serve an unusual role in LUAD. The 
functions of these genes were evaluated using GO enrichment 

Figure 2. ImmuneScore is associated with the overall survival of patients with LUAD. (A) LUAD cases were grouped into high or low score groups, based on 
the ImmuneScore median value, and a Kaplan‑Meier survival curve was plotted. (B) Kaplan‑Meier survival curve for StromalScore. (C) Kaplan‑Meier survival 
curve for ESTIMATEScore. LUAD, lung adenocarcinoma.
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analysis. The genes were mainly enriched in aspects related to 
immunity, such as the ‘regulation of lymphocyte activation’ 

and ‘T‑cell activation’ (Fig. 4C). KEGG pathway enrichment 
analysis demonstrated that most results were concentrated in 

Figure 3. EstimateScore, ImmuneScore and StromalScore were associated with clinicopathological characteristics. Association of (A) ESTIMATEScore, 
(B) ImmuneScore and (C) StromalScore with stage, as determined by Kruskal‑Wallis rank sum test. Association of (D) ESTIMATEScore, (E) ImmuneScore 
and (F) StromalScore with T classification, as determined by Kruskal‑Wallis rank sum test. Association of (G) ESTIMATEScore, (H) ImmuneScore 
and (I) StromalScore with M classification, as determined by Kruskal‑Wallis rank sum test. Association of (J) ESTIMATEScore, (K) ImmuneScore and 
(L) StromalScore with N classification, as determined by Kruskal‑Wallis rank sum test. N, node; M, metastasis; T, tumor.
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immune‑related regions, such as ‘Cytokine‑cytokine receptor 
interaction’ and ‘Chemokine signaling pathway’ (Fig. 4D), 
which suggested that immune factors were associated with the 
participation of the TME in LUAD.

Intersection analysis of the PPI network and univariate Cox 
regression analysis. The 374 DEGs obtained were imported 
into the STRING database and a PPI was constructed 
(Figs. 5A and S3). The PPI network was visualized using 
Cytoscape. After removal of single acting genes that did not 
interact with other genes, the gene that did have interactions 
with other genes were used to identify the key node. The 30 
genes with the largest number of adjacent nodes were selected 
to further assess the genes related to the prognosis of LUAD 

(Fig. 5B). To visualize the main genes that affected the prog‑
nosis of LUAD, univariate Cox regression analysis was used 
(Fig. 5C). The results of both methods were combined into a 
Venn diagram and four overlapping genes, namely C‑C motif 
chemokine receptor 2, BTK, protein tyrosine phosphatase 
receptor type C and NOX2 were identified (Fig. 5D; Table II).

High expression of NOX2 is beneficial to the prognosis of 
LUAD. Enrichment analysis of the function and signaling 
pathways of DEGs demonstrated that they were mainly associ‑
ated with immunity. Therefore, NOX2, which serves a key role 
in immunity, was further assessed.

Firstly, patients with LUAD were divided into a high NOX 
expression group and a low NOX expression group according 

Table II. Details of the four differentially expressed genes.

Gene					     Degree	
name	 Gene ID	 Full name	 Location	 Expression	 score	 P‑value

CCR2	 729230	 C‑C motif chemokine receptor 2	 Chr3p21.31	 Downregulated	 10	 <0.001
BTK	 695	 Bruton tyrosine kinase	 ChrXq22.1	 Downregulated	 7	 <0.001
PTPRC	 5788	 Protein tyrosine phosphatase receptor type C	 Chr1q31.3‑q32.1	 Downregulated	 5	 0.008
NOX2	 1536	 Cytochrome b‑245 β chain	 ChrXp21.1‑p11.4	 Downregulated	 4	 0.006

P‑values were calculated using the univariate Cox analysis.

Figure 4. Analyses of gene expression profiles of ImmuneScore and StromalScore. (A) Venn diagram presenting the number of downregulated DEGs with 
thresholds of false discovery rate <0.05 and |logFC|>1. (B) Venn diagram presenting the number of upregulated DEGs with thresholds of false discovery rate 
<0.05 and |logFC|>1. (C) Gene Ontology enrichment analysis of DEGs. (D) Kyoto Encyclopedia of Genes and Genomes enrichment analysis of DEGs. P<0.05 
was considered to indicate statistical significance. DEGs, differentially expressed genes; BP, biological process; CC, cellular component; MF, molecular 
function.
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to the median value. The expression levels of NOX2 in the 
tumor tissues were lower compared with those in the normal 
(paracancerous) tissues of the same patient. The results of the 
NOX2 single‑gene pairing difference analysis also supported 
this conclusion (Fig. 6A). In the survival analysis, the survival 
time of the high NOX expression group was longer than that 
of the low NOX expression group (Fig. 6B). Furthermore, 
NOX2 expression levels were significantly associated with the 
T classification (T3 vs. T1, P=0.019) of patients with LUAD 
(Fig. 6C). Overall, these results suggested that NOX2 expres‑
sion levels were negatively associated with an unfavorable 
prognosis in patients with LUAD.

GSEA revealed that NOX2 is mainly associated with 
immunity. To evaluate the association between the expres‑
sion levels of NOX2 and prognosis, GSEA was performed. 
Bioinformatics results demonstrated that the high NOX2 
expression group was associated with numerous immune-
related signaling pathways, including B cell receptor signaling, 
viral myocarditis, and antigen processing and presentation in 
the C2 KEGG gene set (Fig. 6D). C7 immunological gene 
sets were enriched in immune‑related activities, such as 
‘CD4 T‑CELL and MYELOID DN’ (Fig. 6E). These results 

indicated that the expression levels of NOX2 were associated 
with the immune response.

Downregulation of NOX2 expression in cancer cells and 
cancer tissues. The results of RT‑qPCR and western blotting 
demonstrated that the mRNA and protein expression levels of 
NOX2 were significantly higher in normal cells compared with 
those in cancer cells, which was consistent with the results of 
the bioinformatics analysis (Fig. 7C and D). Furthermore, the 
results of immunochemical staining demonstrated that the 
protein expression levels of NOX2 were significantly higher in 
para‑cancerous tissues compared with those in LUAD tissues 
(Fig. 7A and B). These results demonstrated that NOX2 was 
downregulated in LUAD cancer cells and cancer tissues.

NOX2 expression is correlated with 13 types of TIC. To further 
evaluate the relationship between NOX2 and the TME in 
LUAD, the proportions of immune cells infiltrating LUAD 
samples were analyzed using CIBERSORT. A histogram was 
generated to visualize the profiles of the 22 types of immune 
cells (Fig. 8A). A violin plot, which illustrated the profile of the 
22 immune cell subpopulations demonstrated that there were 
statistically significant differences in plasma cells (P<0.001), T 

Figure 5. PPI network and univariate Cox analysis. (A) PPI network of NOX2 was generated using the STRING platform. Local clustering coefficient, 0.879. 
(B) First 30 genes in the PPI network ordered by number of adjacent nodes. (C) Univariate Cox regression analysis. P<0.05 considered to indicate a statistically 
significant difference. (D) Intersection of (B) and (C) was combined in a Venn diagram. PPI, protein‑protein interaction; NOX2, NADPH oxidase isoform 2.
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cells CD4 memory activated (P=0.030), T cells follicular helper 
(P=0.019), T cells regulatory (P<0.001), NK cells activated 
(P=0.013), monocytes (P<0.001), macrophages M2 (P<0.001), 
mast cells resting (P<0.001), eosinophils (P<0.001) and neutro‑
phils (P<0.001) (Fig. 8B). Of the total of 22 TICs, 13 types of 
TIC were identified which were significantly correlated with 
NOX2 expression levels, based on the intersection of the parts 
with significant differences between the results of the different 
analyses and immune cell subpopulations were combined 
(Table III; Fig. 9A and B). The 13 types of TIC which were 
significantly, weakly correlated with NOX2 were as follows: 
NK cells resting (R=0.13, P=0.0082), dendritic cells resting 
(R=0.15, P=0.0021), eosinophils (R=0.22, P=3.6x10‑6), macro‑
phages M1 (R=0.18, P=0.00011), macrophages M2 (R=0.2, 
P=2x10‑5), monocytes (R=0.18, P=0.00016), neutrophils 
(R=0.22, P=4.2x10‑6), T cells CD4 memory activated (R=0.28, 
P=3.9x10‑9), B cells naive (R=‑0.11, P=0.019), dendritic 
cells activated (R=‑0.14, P=0.0037), plasma cells (R=‑0.3, 
P=1.7x10‑10), T cell follicular helper (R=‑0.18, P=0.00015) 
and NK cells activated (R=‑0.22, P=4.2x10‑6). These R‑values 
indicated that TIC was weakly correlated with NOX2.

Discussion

In the present study, data from TCGA database were used 
to explore the differences in the immune microenvironment 

between normal lung tissue and cancer tissue in patients with 
LUAD. Aberrant expression of NOX2, a key gene involved in 
LUAD, was demonstrated. The signaling pathways associated 
with NOX2 were then evaluated using GO and KEGG enrich‑
ment analysis.

The TME serves an important role in the growth and 
development of tumors (37,38). The prognosis of patients 
with LUAD is poor and the recurrence rate is high. As part of 
an in‑depth study of the TME and molecular cancer mecha‑
nisms, the potential prognostic indicators of LUAD require 
more attention. To support the development of new targeted 
drugs, the identification of potential prognostic targets is 
important (39,40). Transcriptome analysis of LUAD samples 
from TCGA database demonstrated that immune cell levels 
were closely related to the survival of patients with LUAD. 
The levels of immune cells were significantly associated 
with the clinicopathological features of LUAD, including 
pathological stage, T classification and M classification. 
These results suggested that the immune components of 
the TME may be an important factor that could affect the 
occurrence and prognosis of LUAD. GO analysis demon‑
strated that, 93 common DEGs were overlapping genes in 
both the immune and stromal groups, which indicated that 
DEGs were associated with numerous immune‑related 
terms, which suggested the importance of immune microen‑
vironment in tumorigenesis. It has previously been reported 

Figure 6. Analysis of the association between NOX2 expression and survival and clinicopathological characteristics. (A) Paired differentiation analysis of 
NOX2 expression in tumor and normal groups derived from the same patients (n=54). (B) Kaplan‑Meier analysis of NOX2 expression. The red and blue lines 
represent the proportion of surviving patients at each time node. The survival rate decreased over time and the group with high NOX2 expression demonstrated 
better survival. (C) Kruskal‑Wallis rank sum test indicated that NOX2 expression was associated with T classification. (D) The enriched gene sets in the C2 
dataset with high NOX2 expression levels. Particular signaling pathways were presented using different colored lines. The graph indicated the enrichment 
pathways and the vertical lines below indicated the number of genes enriched in each pathway. FDR< 0.05 was identified to be significant. (E) Enriched gene 
sets in the C7 collection of immunologic gene sets, in samples with high BTK expression. NOX2, NADPH oxidase isoform 2; GSEA, Gene Set Enrichment 
Analysis; FDR, false discovery rate.
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that the immune response can promote the development 
of numerous types of cancer (41). A relationship between 
DEGs and the immune response was also demonstrated by 

the KEGG analysis, which indicated that DEGs served an 
important role in regulation of the TME, and may affect the 
occurrence and prognosis of LUAD. Bioinformatics results 

Figure 7. NOX2 mRNA and protein expression levels are downregulated in LUAD cells and tissues. (A) Immunohistochemical analysis of LUAD tumor 
tissue and matching para‑carcinoma tissue. (B) H‑score of NOX2 determined by immunohistochemistry; analyzed by paired t‑test. (C) Western blotting and 
(D) reverse transcription‑quantitative PCR of the human bronchial epithelial BEAS‑2B cell line and human lung cancer NCI‑H1975 cell line. **P<0.01 and 
***P<0.001. LUAD, lung adenocarcinoma; NOX2, NADPH oxidase isoform 2.

Table III. TICs co‑determined by Wilcoxon rank sum difference and correlation test.

TICs	 Difference test (P‑value)	 Correlation test (P‑value)

B cells naive	 0.0192	 0.0187
NK cells resting	 0.0222	 0.0082
NK cells activated	 0.0131	 4.2089x10‑7

T cells CD4 memory activated	 0.0303	 3.9361x10‑9

T cells follicular helper	 0.0193	 0.0001
Dendritic cells activated	 2.7059x10‑6	 0.0037
Dendritic cells resting	 3.4130x10‑5	 2.0585x10‑3

Plasma cells 	 0.0006	 1.6528x10‑10

Macrophages M1	 8.0176x10‑6	 1.0633x10‑4

Macrophages M2	 1.2484x10‑8	 2.0425x10‑5

Monocytes 	 5.2589x10‑8	 0.0002
Eosinophils	 1.2295x10‑8	 3.5960x10‑6

Neutrophils	 3.0231x10‑8	 4.1883x10‑6

NK, natural killer; TICs, tumor‑infiltrating immune cells.
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demonstrated that NOX2 was expressed at low levels in 
LUAD tissues and univariate Cox analysis demonstrated 
that NOX2 was a tumor suppressor gene for LUAD. The low 
expression levels of NOX2 in LUAD were closely related to 
the clinicopathological features. Western blotting, RT‑qPCR 
and immunohistochemistry also demonstrated the down‑
regulation of NOX2 expression in patients with LUAD. The 

present study demonstrated that NOX2 could be a valuable 
prognostic marker for LUAD.

NOX2 is a member of the human NADPH oxidase family, 
which consists of two membrane‑spanning subunits (CYBB 
and CYBA) and three cytoplasmic subunits (NCF1, NCF2 and 
NCF4) (42), and is a key enzyme in antigen presentation and 
regulation of adaptive immunity (43). NOX2 usually functions 

Figure 8. Analysis of TIC proportion in LUAD samples. (A) Bar plot of the proportions of the 22 types of TICs in each LUAD sample. Each column presented 
the data for a single sample ID. (B) Violin plot showing analysis between the infiltration level of immune cells, and low (green) and high (red) NOX2 expres‑
sion level groups; the expression groups were split according to the median NOX2 expression level. The Wilcoxon rank sum test was used to assess statistical 
significance. TIC, tumor‑infiltrating immune cells; LUAD, lung adenocarcinoma; NOX2, NADPH oxidase isoform 2.
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in resisting microorganisms, mainly through the activation of 
granular protease and the direct antibacterial activity of active 
oxidants  (44‑47). Immune regulation by NOX2 is mainly 
through the regulation of certain key signaling pathways that 
affect neutrophils  (48). Furthermore, NOX2 functions in 
adaptive immunity and in the regulation of antigen‑presenting 
cells (14). It has previously been reported that NOX2 myeloid 
cells (i.e., myeloid cells that express NOX2) are involved in 
tumorigenesis and progression, and the acting factors are 
reactive oxygen species (ROS) formed by myeloid cells in a 
malignant microenvironment (49). Under the stimulation of 
NOX2 by factors such as rapidly proliferating cancer cells, the 
cytoplasmic subunits recruit a GTPase (either Rac1 or Rac2), 
bind the transmembrane components gp91phox and p22phox 
and activate the enzymatic complex to transport electrons from 
NADPH to oxygen, thus generating ROS, which serve a role in 
phagocytic host defense against invading organisms (14). NOX2 
serves a role in triggering and promoting cancer cell mutation, 
and affects the redox balance in cancer cells to control the prolif‑
eration and survival of cancer cells by production of ROS in the 
TME (50). The mechanism by which NOX2 regulates the TME 
through ROS is complex; the sensitivity of tumors to ROS will 
change depending on the situation. Therefore, while the deletion 
of NOX2 subunits has been reported to reduce the metastasis 
of LUAD, the expression of NOX2 has also been reported to 
improve the prognosis of patients with LUAD (15,16). NOX2 
serves an active role in the macrophage‑mediated immune 
response and participates in the inhibition of chronic granu‑
loma (51), which suggested that NOX2 served an important role 
in tumor regulation and immune system.

The results of the present study were consistent with previous 
reports, in which groups with high NOX2 expression exhibit 
a better prognosis in LUAD (14,16,52). Furthermore, western 
blotting, RT‑qPCR and immunostaining analysis demonstrated 
that NOX2 mRNA and protein expression levels in LUAD were 
significantly reduced. Moreover, GSEA results demonstrated 
that the group of cells with high expression levels of NOX2 were 
associated with various immune‑related signaling pathways, 
which included cell adhesion molecule, chemokine signaling 
and B cell receptor signaling. These results suggested that NOX2 
could be used as a potential biomarker to predict the prognosis 
of patients with LUAD. The violin plot demonstrated that the 
proportion of regulatory T cells (Tregs) and plasma cells in the 
NOX2 low expression group were significantly higher compared 
with those in the NOX2 high expression group. Previous research 
supported the conclusion that the increased proportion of Tregs 
was associated with poor clinical outcomes (53). High plasma 
cell infiltration in the TME has been reported to be associated 
with low survival in numerous solid tumors, including LUAD 
and breast cancer (53). Neutrophils, CD4+ T cells and dendritic 
cells in patients with LUAD were positively correlated with the 
expression levels of NOX2. These results suggested that NOX2 
served an important role in regulating the activity of immune 
cells.

In this study, the bioinformatics analysis and experi‑
mental verification of NOX2 were preformed and the results 
suggested that NOX2 could serve as an important biomarker 
to provide a potential therapeutic target for LUAD. However, 
the present study has certain limitations, the effect of NOX2 
was not tested on the animal level. Further studies of NOX2 

Figure 9. Evaluation of NOX2 expression levels and the tumor microenvironment. (A) Scatter plots between the proportion of immune cells and NOX2 
expression levels. The Pearson's correlation coefficient was used to test the correlation. Correlation coefficient R<0.3 in the scatter plot indicated a weak 
positive correlation with NOX2 and tumor purity and immune cells. (B) Venn plot presented the 13 types of TICs associated with NOX2 expression levels. The 
intersection of the differentially presented immune cells in the violin plot (Fig. 8B) and the scatter plot were combined in a Venn diagram.
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in vivo and in vitro are needed to improve understanding of the 
potential relationship between tumor microenvironment and 
the prognosis of LUAD.
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