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 Background: In recent years, the morbidity and mortality rates of lung adenocarcinoma in non-smoking females have been 
increasing dramatically. Although much research has been done with some progress, the molecular mechanism 
remains unclear. In this study we aimed to estimate hub genes and infiltrating immune cells in non-smoking 
females with lung adenocarcinoma.

 Material/Methods: Firstly, we obtained differentially expressed genes (DEGs) by GEO2R analysis based on 3 independent mRNA 
microarray datasets of GSE10072, GSE31547, and GSE32863. The DAVID database was utilized for functional en-
richment analysis of DEGs. Moreover, we identified hub genes with prognostic value by STRING, Cytoscape, and 
Kaplan Meier plotter. Subsequently, these genes were further analyzed by Gene Expression Profiling Interactive 
Analysis, Oncomine, Tumor Immune Estimation Resource, and Human Protein Atlas. Finally, the immune infil-
tration analysis was performed by CIBERSORT and The Cancer Genome Atlas with R packages.

 Results: We found 315 DEGs enriching in the extracellular matrix organization, cell adhesion, integrin binding, angio-
genesis, and hypoxic response. And among these DEGs, we identified 10 hub genes (SPP1, ENG, ATF3, TOP2A, 
COL1A1, PAICS, CAV1, CAT, TGFBR2, and ANGPT1) of significant prognostic value. Simultaneously, we illustrated 
the distribution and differential expressions of 22 immune cell subtypes. and dendritic cells resting and mac-
rophages M1 were identified with prognostic significance.

 Conclusions: The results indicated that 10 hub genes and 2 immune cell subtypes might be promising biomarkers for lung 
adenocarcinoma in non-smoking females. This finding needs to be further evaluated.
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Background

Lung cancer has become the chief cause of malignancy deaths 
worldwide, and adenocarcinoma is the most common histologic 
type of lung cancer [1]. Previously, smoking was thought to 
be the major cause of lung adenocarcinoma (LUAD). However, 
the morbidity of LUAD has increased in never-smokers, espe-
cially in females [2]. Studies have shown that non-smoking 
lung cancer should be considered as a separate subtype [3]. 
Epidemiological, pathological, and molecular evidence sug-
gested that estrogen appears to participate in the carcino-
genic effect of lung cancer besides smoking [4,5]. A study in 
South Korea found morbidity differences in gender and his-
tological subtypes in smoking-related lung cancer. Compared 
with males, females were more likely to develop non-smok-
ing related LUAD, thus, gender was also an independent prog-
nostic factor [6,7]. One study reported that females benefited 
significantly more from immunotherapy for lung cancer than 
males [8]. Additionally, some studies have indicated that anti-
estrogen could reduce non-small cell lung cancer (NSCLC) cell 
proliferation [9]. Therefore, more attention should be paid 
to the treatment and prognostic evaluation of LUAD in non-
smoking females [10].

Although its pathogenesis remains unclear, the application of 
bioinformatics analysis in precision medicine might contrib-
ute to finding the key biomarkers in the big data era [11]. Data 
mining in cancers has played a vital part in cancer diagnosis 
and management [12]. Consequently, we explored the prom-
ising molecular mechanism of LUAD in non-smoking females 
by bioinformatics. We identified the differentially expressed 
genes (DEGs) between LUAD and normal samples of non-
smoking females by data mining. Simultaneously, CIBERSORT 
and The Cancer Genome Atlas (TCGA) were utilized for im-
mune infiltration analysis. Finally, we found 10 hub genes and 
2 immune cell subtypes as promising biomarkers for LUAD in 
non-smoking females, which provided useful information for 
further exploration.

Material and Methods

Microarray data

We downloaded qualified datasets from the Gene Expression 
Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo/). 
In this study, datasets that meet the following criteria were in-
cluded: a) it contained LUAD tissue samples and normal lung 
tissue samples of non-smoking females; b) at least 10 samples 
were included. Finally, GSE10072, GSE31547, and GSE32863 
were qualified for further analysis. GSE10072 contained 13 
LUAD tissue samples and 11 normal lung tissue samples of non-
smoking females. GSE31547 contained 6 LUAD tissue samples 

and 5 normal lung tissue samples of non-smoking females. 
GSE32863 contained 23 LUAD tissue samples and 23 normal 
lung tissue samples of non-smoking females.

Identification of DEGs

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r), a web ap-
plication using BioConductor R packages [13], could compare 
DEGs from 2 or more datasets in the GEO series. It was univer-
sally applied in various bioinformatics analyses [14–16], and it 
provided the native R script for researchers to replicate their 
analyses. We utilized GEO2R to screen DEGs between LUAD 
tissue samples and normal tissue samples of non-smoking fe-
males. |log FC| >1 and P<0.01 was set as the cutoff criterion. 
Moreover, we replicated this analysis by the native R script to 
ensure the reliability of the present study.

Functional enrichment analyses of DEGs

Gene ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis of DEGs were per-
formed by the DAVID database (http://david.ncifcrf.gov) (ver-
sion 6.8) [17]. P<0.05 was set as statistically significant.

PPI network and module analysis

STRING (http://string-db.org) (version 10.0) provides the pre-
diction of quality-controlled protein-protein association net-
works. We performed the STRING database to construct a pro-
tein-protein interaction (PPI) network for DEGs, and combined 
score >0.4 was set as statistically significant. Cytoscape (ver-
sion 3.6.1) [18] was performed to visualize molecular inter-
action networks. The plugin Molecular Complexity Detection 
(MCODE) (version 1.5.1) in Cytoscape was used to identify the 
most important module from the PPI network. And the con-
dition was set as follows: Degree cutoff=2, k-core=5, max. 
Depth=100, and node score cutoff=0.2. Subsequently, function-
al enrichment analysis was performed for genes in this mod-
ule by the online bioinformatics database Metascape (http://
metascape.org/) [19].

Hub genes selection and analysis

The plugin cytoHubba of Cytoscape was performed to calcu-
late the degree of genes in the PPI network. DEGs with de-
grees >10 were selected as hub genes. The Kaplan Meier plot-
ter (http://kmplot.com/analysis/) [20] is an online platform to 
estimate the prognostic value of thousands of genes in several 
cancer types based on the data from GEO, Genomic Expression 
Archive, and TCGA database. And we performed overall survival 
(OS) analysis of hub genes in LUAD with non-smoking females 
by Kaplan Meier plotter. Gene Expression Profiling Interactive 
Analysis (GEPIA; http://gepia.cancer-pku.cn) [21] provides the 
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differential analysis based on the Genotype-Tissue Expression 
and the TCGA database. Moreover, we visualized the differ-
ential expression of the most significant hub genes in LUAD 
by GEPIA. Finally, further analyses were performed on SPP1, 
the hub gene with the highest degree found by cytoHubba. 
Tumor Immune Estimation Resource (TIMER; https://cistrome.
shinyapps.io/timer/) [22] was used to assess the expression 
profile of SPP1 in various human tumors based on TCGA data-
base. And a meta-analysis of expression of SPP1 in LUAD com-
pared with normal tissues in different datasets was estimat-
ed based on the Oncomine database (http://www.oncomine.
com) [23]. SPP1 protein expression analysis in LUAD tissues 
and normal tissues was performed by the Human Protein Atlas 
(https://www.proteinatlas.org) [24].

Distribution and prognostic analysis of infiltrating immune 
cells in non-smoking female LUAD

Firstly, we downloaded the Transcriptome Profiling data and 
Clinical data of female LUAD from TCGA database. Among them, 
34 normal female lung tissue samples and 47 non-smoking fe-
male LUAD tissue samples were included in this study (as for 
only 5 normal non-smoking female lung tissue samples were 
available in TCGA, we included all of 34 normal female lung 
tissue samples as the control group). And the raw data was 
converted to which could be matched with CIBERSORT [25] by 
Practical Extraction and Report Language (Perl). Moreover, we 
randomized the converted data by limma packages (version 
3.8). After deleting samples with P>0.05, 32 normal samples 
and 42 tumor samples were left. Then we predicted the dis-
tribution of 22 infiltrating immune cells in these samples by 
CIBERSORT. Finally, vioplot packages and survival packages were 
performed to illustrate the distribution and prognostic analysis 
of 22 infiltrating immune cells of non-smoking female LUAD.

Results

Identification of DEGs

The detailed sample information of the included datasets was 
presented in Supplementary Table 1. We identified 315 over-
lapped DEGs among 3 datasets (Figure 1), consisting of 254 
downregulated DEGs and 61 upregulated DEGs (Supplementary 
Table 2). Notably, the regulation of these 315 DEGs was con-
sistent in all these 3 datasets.

Functional enrichment analyses of DEGs

The whole results of GO and KEGG enrichment analyses for 
315 DEGs were presented in Supplementary Table 3, and the 
top 5 GO and KEGG terms were visualized in Table 1.

PPI network and module analysis

The PPI network of 315 DEGs was constructed (Figure 2), 
including 315 nodes and 708 edges. And the most significant 
module was illustrated in Figure 3A. Subsequently, our results 
suggested that DEGs in this module were mostly enriched in 
ERK1 and ERK2 cascade, vasculature development, cellular re-
sponse to hormone stimulus and adrenomedullin receptor sig-
naling pathway (Figure 3B).

Hub gene screening and analysis

In total, we identified 36 DEGs as hub genes with degrees >10 
(Supplementary Table 4). Subsequently, 10 hub genes (Table 2) 
were screened out with prognostic value (Figure 4). Our re-
sults indicated that over-expression of SPP1, ENG, ATF3, TOP2A, 
COL1A1, and PAICS was related to worse OS for non-smoking 
females with LUAD (P<0.05). On the other hand, under-expres-
sion of CAV1, CAT, TGFBR2, and ANGPT1 was associated with 
a poorer OS for non-smoking females with LUAD (P<0.05). As 
illustrated in Figure 5, compared with normal tissues, the ex-
pressing of SPP1, TOP2A, COL1A1, and PAICS increased in LUAD 
tissues, while ENG, ATF3, CAV1, CAT, TGFBR2, and ANGPT1 de-
creased based on GEPIA. These results were coordinated with 
the results of differential expression analysis based on the 
GEO database, which validated the reliability of GEO analysis 
indirectly. Among these 10 most significant hub genes, SPP1 
accounts for the highest degree of 21, suggesting the poten-
tial significance. The result of TIMER indicated that SPP1 was 

829

GSE32863

GSE10072 GSE31547

315

203

145

77 98

230

Figure 1.  Venn diagram for overlapping DEGs in 3 microarray 
datasets. |log FC| >1 and P<0.01 was set as the cutoff 
criterion. There were 315 overlapped DEGs among 3 
datasets (GSE10072, GSE31547, GSE32863) identified. 
DEGs – differentially expressed genes.
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overexpressed in some cancers compared with normal tissues, 
including LUAD, breast invasive carcinoma (BRCA), colon ad-
enocarcinoma (COAD), liver hepatocellular carcinoma (LIHC), 
stomach adenocarcinoma (STAD), uterine corpus endometrial 
carcinoma (UCEC), etc., (Figure 6A). A meta-analysis based on 
Oncomine datasets revealed that SPP1 was over-expressed in 
LUAD compared with normal tissues (Figure 6B). As shown in 
Figure 6C, SPP1 protein was higher expressed in patients with 
LUAD compared with normal tissue.

Distribution and prognostic analysis of infiltrating immune 
cells in non-smoking female LUAD

The detailed clinical information of included samples was 
shown in Supplementary Table 5. The distribution of 22 kinds 
of infiltrating immune cells of non-smoking female LUAD in-
dicated that T cells CD4 memory resting, macrophages M2 
and macrophages M0 accounted for the largest proportion 
(Figure 7A). The results revealed that a series of cells are dif-
ferentially expressed between tumor tissues and normal tis-
sues with P-value <0.05. Some cells have higher expression 

in tumor tissue than that in normal tissue, including plasma 
cells, T cells regulatory, macrophages M1, and dendritic cells 
resting. In contrast, some cells have lower expression in tu-
mor tissue than that in normal tissue, consisting of T cells CD4 
memory resting, natural killer (NK) cells resting, monocytes, 
macrophages M0, mast cells resting, and neutrophils. In addi-
tion, among these 22 infiltrating immune cells, only dendrit-
ic cells resting and macrophages M1 were found to be statis-
tically significant (P<0.05) for prognostic value. As shown in 
Figure 7B and 7C, lower expression of dendritic cells resting 
indicated a poor prognosis, while lower expression of macro-
phages M1 suggested a better prognosis.

Discussion

In the present study, we found 10 prognostic hub genes and 
2 kinds of significant infiltrating immune cells of LUAD in non-
smoking females, which were verified with multiple databases. 
The biological functions and signaling pathways enriched in 
DEGs might participate in the tumorigenesis and development 

Term Description Gene count P-value

GO-CC: 0005615 Extracellular space 64 1.21E-13

GO-CC: 0070062 Extracellular exosome 96 8.15E-12

GO-CC: 0005578 Proteinaceous extracellular matrix 24 2.17E-10

GO-CC: 0005576 Extracellular region 60 1.26E-08

GO-CC: 0005887 Integral component of plasma membrane 55 1.52E-08

GO-BP: 0030198 Extracellular matrix organization 24 1.10E-12

GO-BP: 0007155 Cell adhesion 34 1.36E-11

GO-BP: 0016337 Single organismal cell-cell adhesion 13 2.73E-07

GO-BP: 0050900 Leukocyte migration 14 3.14E-07

GO-BP: 0001666 Response to hypoxia 16 5.41E-07

GO-MF: 0008201 Heparin binding 17 1.31E-08

GO-MF: 0005539 Glycosaminoglycan binding 7 3.44E-07

GO-MF: 0005515 Protein binding 189 1.11E-06

GO-MF: 0005178 Integrin binding 12 1.60E-06

GO-MF: 0050431 Transforming growth factor beta binding 6 4.97E-06

KEGG_pathway

hsa05144 Malaria 8 1.37E-04

hsa04610 Complement and coagulation cascades 8 1.16E-03

hsa04514 Cell adhesion molecules (CAMs) 11 1.91E-03

hsa04530 Tight junction 8 4.40E-03

hsa04512 ECM-receptor interaction 8 4.40E-03

Table 1. GO and KEGG pathway enrichment analysis of 315 DEGs.

GO – Gene Ontology; KEGG – Kyoto Encyclopedia of Genes and Genomes; DEGs – differentially expressed genes; BP – biological 
processes; CC – cell component; MF – molecular function; ECM – extracellular matrix.
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of LUAD in non-smoking females. Notably, this work was re-
peated 3 times by 3 individual researchers to ensure the reli-
ability of the results.

Among these 10 most significant hub genes with prognos-
tic value, SPP1 accounted for the highest degree, suggesting 
its potential significance in non-smoking females with LUAD. 
SPP1, also known as osteopontin, has been reported to be up-
regulated in some tumors, such as colorectal cancer [26], cer-
vical cancer [27], and breast cancer [28], which was consistent 
with our results (Figure 6). Both experimental and clinical anal-
yses revealed that high expression of SPP1 predicted a poor 
prognosis. Immunohistochemical analysis of 318 NSCLC tumor 

samples indicated that SPP1 was significantly over-expressed 
in NSCLC tissues compared with normal tissues [29]. In clin-
ical investigations, elevated plasma SPP1 level was found in 
early-stage and relapsed NSCLC patients, suggesting the po-
tential diagnostic and prognostic value of SPP1 [30]. However, 
the mechanism of SPP1 in non-smoking female LUAD is poor-
ly understood. As illustrated in Table 1 and Supplementary 
Table 3, DEGs in our study were enriched in integrin binding, 
extracellular matrix (ECM) organization, angiogenesis, phos-
phoinositide 3-kinase (PI3K)-Akt signaling pathway, and ECM-
receptor interaction; this finding might help us understand the 
mechanism of LUAD in non-smoking females. It has been re-
ported that SPP1 interacts with various integrins and CD44 to 

Figure 2.  PPI network of 315 DEGs construction using STRING and Cytoscape. This network includes 315 nodes and 708 edges. Nodes 
stand for the DEGs and edges stand for the association of DEGs. Red nodes represent upregulated DEGs, while blue nodes 
represent downregulated DEGs. PPI – protein–protein interactions; DEGs – differentially expressed genes.
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Figure 3.  Analysis of the most significant module. (A) Identification of the most significant module from PPI network using MCODE 
plugin of Cytoscape. Red nodes stand for upregulated DEGs, while blue nodes represent downregulated DEGs. (B) Functional 
enrichment analysis of the most significant module performed by Metascape. PPI – protein–protein interactions; 
MCODE – Molecular Complexity Detection; DEGs – differentially expressed genes.

No. Gene symbol Regulation Degree Full name Function

1 SPP1 Up 21 Secreted 
Phosphoprotein 1

SPP1 participates in a range of biological functions, 
including cell proliferation, adhesion, invasion, 
migration, and tumor angiogenesis

2 ENG Down 18 Endoglin ENG activated the TGF-b/ALK1 signaling pathway 
and promoted endothelial cell proliferation and 
migration in cancers

3 CAV1 Down 18 Caveolin 1 CAV1 transforms suppressor activity abnormal 
expressed in T cell leukemia in lung carcinoma and in 
breast carcinoma

4 ATF3 Down 17 Activating 
Transcription 
Factor 3

Over-expression of ATF3 upregulated p53 and 
inhibited the tumorigenesis of lung cancer

5 TOP2A Up 17 DNA 
Topoisomerase II 
Alpha

TOP2A is involved in the process of chromosome 
condensation, chromatid separation, DNA 
transcription and replication. It is the target of 
several anti-cancer drugs

6 COL1A1 Up 16 Collagen Type I 
Alpha 1

COL1A1 encodes the pro-alpha1 chains of type I 
collagen. It is related to hypoxia and is significantly 
overexpressed in non-small cell lung cancer

7 CAT Down 15 Catalase CAT serves to protect cells from the toxic effects of 
hydrogen peroxide, and it changes the migration and 
invasion ability of lung cancer cell

8 TGFBR2 Down 15 Transforming 
Growth Factor 
Beta Receptor 2

TGFBR2 often alters during adenoma-carcinoma 
progression of some cancers

9 ANGPT1 Down 14 Angiopoietin 1 ANGPT1, a member of the angiopoietin family, plays 
an important role in vascular development and 
angiogenesis

10 PAICS Up 11 Phosphoribosyl 
Aminoimidazole 
Carboxylase

PAICS is identified as an oncogene of various tumor 
types

Table 2. Functional roles of 10 hub genes with prognostic significance.
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participate in a range of biological processes [31]. This inter-
acting contributes to cell proliferation via PI3K/Akt signaling 
pathway [32]. Also, SPP1-induced cell motility and ECM-invasion 
are essential for tumor metastasis [33,34]. Moreover, vascu-
lar endothelial growth factor could induce tumor angiogene-
sis by promoting endothelial cell migration and capillary for-
mation via SPP1, just like a hit falling dominoes [35]. Studies 
have shown that siSPP1 increased the sensitivity of lung can-
cer cells to afatinib in afatinib-resistant lung cancer cells [36], 
suggesting that SPP1 might also be involved in the tyrosine ki-
nase inhibitor (TKI) resistance mechanisms. Additionally, SPP1 
also mediated tumor immunity, such as tumor-associated mac-
rophages (TAMs) polarization, upregulation of PD-L1 and pro-
motion of the immune escape of LUAD cells [37]. As a result, 

we speculated that SPP1 might be involved in the progression 
of LUAD via these signaling pathways and biological functions. 
Interestingly, the correlations between SPP1 and gender and 
smoking were also observed. SPP1 polymorphism was found 
to be related to a higher risk of gastric precancerous lesions 
in males [38]. However, another study indicated that estrogen 
may upregulate the expression of SPP1 [39]. Among lung can-
cer patients, non-smokers exhibited lower expression levels of 
SPP1 [40]. Besides, tobacco extract could induce the expres-
sion of SPP1 in vitro [41]. Regrettably, with little information 
of SPP1 on the evolvement of LUAD in non-smoking females, 
further investigations are required to confirm these results of 
the function of SPP1.
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Figure 4.  Overall survival analysis of 10 most significant hub genes in non-smoking females with LUAD based on Kaplan Meier plotter 
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In order to further explore the pathogenesis of LUAD in non-
smoking females, we screened the most important module 
(Figure 3A) from the PPI network. The DEGs in this module 
were mostly enriched in vasculature development, transform-
ing growth factor (TGF)-beta signal pathway, and cellular re-
sponse to hormone stimulus (Figure 3B), which could be in-
volved in oncogenesis and progress of LUAD in non-smoking 
females. Among them, ENG, ATF3, and ANGPT1 were down-
regulated and were all included in the most important mod-
ule. ANGPT1, a member of the angiopoietin family, plays a vital 
role in vascular development and angiogenesis [42]. ANGPT1 
was identified as a tumor suppressor gene related to female 
lung cancer in a sex-specific SNP-SNP interaction analysis 
based on the same dataset (GSE10072) [43], which is in line 
with our results. Moreover, the tumor metastasis of ANGPT1 
knockout mice increased significantly compared with the con-
trol group, which suggested that ANGPT1 might be a prognos-
tic marker [44]. However, the prognostic value of ENG and ATF3 
in lung cancer remains controversial. Over-expression of ENG 
was found to activate the TGF-b/ALK1 signaling pathway and 
promote endothelial cell proliferation and migration in one 

study [45], while another study showed that ENG haplo-insuf-
ficient mice with lung cancer could decrease tumor size and 
vascular density [46]. It was also reported that over-expression 
of ATF3 significantly upregulated p53 and inhibited the tumor-
igenesis of lung cancer [47]. On the other hand, immunohisto-
chemical staining results suggested that lung cancer cells pro-
liferation was evidently inhibited through ATF3 knockdown in 
vitro [48]. Therefore, the function of ENG and ATF3 in the tu-
morigenesis is complicated, which might be related to specif-
ic regulating signals and variable tumor microenvironments. 
The specific molecular mechanisms deserve further exploration, 
and smoking and gender could be considered as regulators.

Our results indicated that over-expression of COL1A1, PAICS, 
and TOP2A, and under-expression of CAT, CAV1, and TGFBR2 
resulted in poor prognosis (Figure 4). Using the same dataset 
(GSE32863), Qiong Wu et al. identified COL1A1 as a prognostic 
biomarker in NSCLC [49], which suggested the significance of 
COL1A1 in lung cancer and the reliability of the present study. 
In addition, COL1A1 was demonstrated to promote the migra-
tion of colorectal cancer cells by Transwell assays in vitro [50]. 
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The proliferation of breast cancer cells and colon cancer cells 
was apparently inhibited through knockdown of PAICS and 
TOP2A, respectively [51,52]. It was reported that low expres-
sion of CAT, which could involve in oxidative stress defending, 
enhanced the invasion of lung cancer cells [53]. Moreover, CAV1 
was proven to inhibit LUAD cells proliferation [54]. Stephen 
et al. found that TGFBR2 deletion in mouse airway epithelia 
increased migration and invasion, and led to poor survival of 
NSCLC patients [55]. The correlations between these genes 
and smoking have also been reported. Compared with smok-
ers, the expression level of CAV1 [56] and TOP2A [57] in non-
smokers was reported to be lower, while the expression levels 
of TGFBR2 [58] and CAT [59] were reported to be higher in non-
smokers. Taken together, although these hub genes all played 

essential parts in the evolution and progression of LUAD, the 
specific mechanisms remain not clarified, and future experi-
mental analyses are still demanded.

Furthermore, the immune microenvironment of LUAD in non-
smoking females might also contribute to the tumorigenesis. 
A model of ovarian cancer indicated that increased immune 
infiltrates contributed to tumor progression, including dendrit-
ic cells and macrophages [60], which supported our findings 
(Figure 7A). However, Figure 7B illustrated that lower expres-
sion level of dendritic cells resting resulted in poor prognosis. 
As for relapsed colorectal cancer patients, fewer tumor-infil-
trating dendritic cells were detected [61]. On the other hand, 
the increased tumor-infiltrating dendritic cells were observed 
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in a mouse model of ovarian cancer as tumor progressed [62]. 
This suggested that during the process of tumorigenesis and 
development, the amount, subtypes, and functions of dendritic 
cells were changing [63], and gender and smoking might be in-
cluded as impact factors to understand its complex functions. 
Accumulated evidence revealed the essential value of TAMs, 
M1 phenotype of TAMs, was identified as a tumor-suppress-
ing factor in LUAD [64]. Based on TCGA and CIBERSORT, our 

results suggested that lower level of macrophages M1 was as-
sociated with better prognosis, which is contrary to previous 
reports, suggesting that female and smoking might be inde-
pendent factors. It has been reported that the ratio of mac-
rophages M1 increased from 26% to 84% with smoking se-
verity [65]. Regrettably, the impact of gender and smoking on 
macrophages M1 in LUAD has not been assessed in previous 
studies, and further research is urgently demanded.
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Conclusions

Importantly, in this study, the mechanisms of LUAD in non-
smoking females were explored by bioinformatics methods, 
and promising biomarkers and possible signaling pathways 
were identified and validated based on multiple databases 
were combined to confirm these results. Ten hub genes and 2 
immune cell subtypes were found with prognostic significance, 
including SPP1, ENG, ATF3, TOP2A, COL1A1, PAICS, CAV1, CAT, 
TGFBR2, ANGPT1, dendritic cells resting, and macrophages M1. 

However, as a result of the limitation of the relatively small 
sample size of online data in this field, the specific mecha-
nism of these hub genes and infiltrating immune cells were 
still unrevealed. Therefore, further research on the mechanism 
of LUAD in non-smoking females is necessary.
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