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Abstract

Background: Non-small cell lung cancer (NSCLC) is a part of the most common

cancers in the world. A lot of efforts have been made to clarify the etiology of

non-small cell lung cancer, but the molecular mechanism of non-small cell lung

cancer is still unclear.

Methods: In order to identify candidate genes in the occurrence and progression of

non-small cell lung cancer, GSE19804 GSE118370 GSE19188 GSE27262 and

GSE33532 microarray data sets were downloaded from the Gene Expression General

(GEO) database. Identify differentially expressed genes (DEGS) and perform

functional enrichment analysis. The protein-protein interaction network (PPI) was

constructed, and the module analysis was performed using STRING and Cytoscape. A

total of 562 DEGS were identified, consisting of 98 downregulated genes and 464

upregulated genes. Abundant functions and pathways of DEGS include p53

signaling pathway, Cell adhesion molecules,Leukocyte transendothelial

migration,Vascular smooth muscle contraction,Complement and coagulation cascades
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and Axon guidance. Tumor immunity was assessed to investigate the functions of hub

genes.

Results: Totally 562 genes were found to be dysregulated. 12 genes were considered

to be the hub genes. NUF2 was considered as the potential immunotherapeutic targets

with future clinical significance.12 hub genes were detected, and biological process

analysis showed that these genes are mainly enriched in p53 signaling

pathway,Progesterone-mediated oocyte maturation,Cell cycle, Oocyte meiosis and

Cellular senescence Survival analysis shows that NUF2 may be linked to the

occurrence, invasion or recurrence of non-small cell lung cancer.

Conclusion: NUF2 genes discovered in this study help us include the molecular

mechanisms of the occurrence and progression of non-small cell lung cancer, and

provide candidate targets for the diagnosis and treatment of non-small cell lung

cancer.
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Background

With the increase of life pressure, lifestyle changes, the decline of environmental

quality and tobacco premature over-inhalation and a series of other reasons, the

incidence of tumors has been high, of which, non-small cell lung cancer is very

typical1. Non-small cell mortality rate is one of the highest in all malignant tumors.

The five-year survival rate of non-small cell lung cancer is lower than other

tumors2.For ordinary families, once a family member develops non-small cell lung

cancer, the blow to the family is huge. How to reduce the incidence of non-small cell

lung cancer? First of all, we must have a healthy lifestyle, and secondly, high-end and

precise treatment methods are essential. The development and progression of

non-small cell lung cancer are shown to be linked to various factors, including genetic

aberrations and immune infiltration4. Despite extensive studies on the mechanisms of

carcinogenesis and progression, the etiology of non-small cell lung cancer is still

unclear3. With the help of bioinformatics analysis tools and major database data, we

can better find a target to combat tumors, and achieve early detection and prompt

intervention in the early stages of tumors to avoid further development of tumors5.

The histology of non-small cell lung cancer mainly includes lung adenocarcinoma,

lung squamous cell carcinoma, large cell carcinoma and other types. Its development

is multi-step, with abnormal genes as the main feature, aberrant gene expression that

leads to phenotypic cell transformation6-8. Ribonuclease acid sequencing (RNA-Seq)

has been used to detect genetic changes within the genome 9. Comprehensive and

systematic studies of the interaction between differential expression pathways and

protein-coding genes can more accurately identify the carcinogenic effects of changes

that occur during the progress and development of non-small cell lung cancer.

Therefore, using these methods of bioinformatics to analyze RNA-Seq data can help

understand the molecular pathogenesis and identify relevant tumor biomarkers10.

RNA-Seq has been used to identify many key genes involved in disease progression

that may help understand the gene expression changes that occur during the progress



of non-small cell lung cancer. So far, the principal driving force for carcinogenesis is

still unclear, limiting the progress of targeted therapy for non-small cell lung

cancer11-14. Therefore, understanding the pathogenesis of this disease is still a major

challenge, and many key genes have not yet been identified.

In the past few decades, micro array technology and biotin morphology analysis

have been widely used to screen genes changes at the genomic level that help us

identify the functional carcinogenesis of differentially expressed genes (DEG) and the

pathways involved in the development of non-small lung cancer15. However, the false

positive rate in independent microarray analysis makes it difficult to obtain reliable

results. Therefore, in this study, we first chose five gene sets (GSE1980416

GSE11837017 GSE1918818 GSE2726219 GSE3353220). Secondly, we used the R

package from the Bioconductor project 21 and Venn's "LIMMA" graphic software to

obtain differentially expressed sets of shared genes (DEG) in the above five data.

Third, the database for annotation, visualization and comprehensive Discovery

(DAVID) was analyzed. These DEGs include molecular functions (MF), cell

components (CC), biological processes (BP) and Kyoto Protocol Encyclopedia of

Genes and Genomes (KEGG) way. Fourth, we create a protein-protein interaction

(PPI) network, and then applied cellular MCODE (Molecular Complexity Detection)

to perform additional DEG analysis to determine some important modules. Fifth,

MCODE is utilized to screen 12 Central genes. In addition, these dominant genes

were imported online into the Kaplan Meier plotter database to obtain important

prognostic information (p <0.05). At the same time, We further verified that DEG, the

hub between non-small cell lung cancer tissue and normal lung tissue, was tested by

gene expression profiling (GEPIA; P <0.05). All in all, the goal of this research is to

improve the understanding of the carcinogenic effects of non-small cell lung cancer

through the analysis of information about the process of genetic changes that occur

during the disease and reveal the expression of central genes that can be used as

biomarkers for clinical diagnosis, treatment and disease progression monitor.



Results

Identification of DEGs in NSCLC.

After standardization of the microarray results, DEGs were identified. The overlap

among the 5 datasets contained 562 genes as shown in the Venn diagram (Fig. 1A),

consisting of 98 downregulated genes and 464 upregulated genes between non-small

cell lung cancer tissues and non-cancerous tissues.

KEGG and GO enrichment analyses of DEGs.

To analyze the biological classification of DEGs, functional and pathway enrichment

analyses were performed using DAVID. GO analysis results showed that changes in

biological processes (BP) of DEGs were significantly enriched in extracellular matrix

organization、extracellular structure organization、nuclear division、mitotic nuclear

division、organelle fission、cell-substrate adhesion、cell junction assembly、cell

junction organization、vascular process in circulatory system、ameboidal-type cell

migration (Table Ⅰ). Changes in molecular function (MF) were mainly enriched in

actin binding、 amyloid-beta binding、 extracellular matrix structural constituent、

peptide binding、 amide binding、 histone kinase activity、metalloendopeptidase

activity 、 extracellular matrix structural constituent conferring tensile strength 、

metallopeptidase activity (Table Ⅰ). Changes in cell component (CC) of DEGs were

mainly enriched in thecell-cell junction、actin filament bundle、stress fiber、contractile

actin filament bundle、 contractile fiber part、midbody、 condensed chromosome,

centromeric region、chromosomal region、condensed nuclear chromosome (Table Ⅰ).

KEGG pathway analysis revealed that the downregulated DEGs were mainly enriched

in p53 signaling pathway, while the upregulated DEGs were mainly enriched in Cell

adhesion molecules、Leukocyte transendothelial migration、Vascular smooth muscle

contraction、Complement and coagulation cascades and Axon guidance.

PPI network construction and module analysis.



The PPI network of DEGs was constructed (Fig. 1C) and the most significant module

was obtained using Cytoscape (Fig. 1B). The functional analyses of genes involved in

this module were analyzed using DAVID. Results showed that genes in this module

were mainly enriched in nuclear division、organelle fission、mitotic nuclear division、

cell cycle checkpoint 、 histone phosphorylation 、 condensed chromosome 、

chromosomal region、 condensed chromosome, centromeric region、 midbody、

chromosome, centromeric region、histone kinase activity、protein serine/threonine

kinase activity、protein C-terminus binding、 ferric iron binding、oxidoreductase

activity, acting on CH or CH2 groups、p53 signaling pathway、Progesterone-mediated

oocyte maturation 、Cell cycle、Oocyte meiosis and Cellular senescence. (Table Ⅱ).

Hub gene selection and analysis.

A total of 12 genes were identified as hub genes with degrees ≥10. The names,

abbreviations and functions for these hub genes are shown in（Table Ⅲ）.The 12 hub

genes were used to draw the difference in the distribution of lung adenocarcinoma and

lung squamous cell carcinoma tissues and adjacent tissues in the TCGA

(https://portal.gdc.cancer.gov/) database using ggplot2 in R language.Tthe expression

of hub gene in cancer tissues and adjacent tissues of unpaired samples in LUAD（Fig.

2A）, The expression of hub gene in cancer tissues and adjacent tissues of unpaired

samples in LUSD（Fig. 2B）. The expression of hub gene in LUAD paired sample

cancer tissues and adjacent tissues（Fig. 2C）,The expression of hub gene in LUSD

paired sample cancer tissues and adjacent tissues（Fig. 2D） . The P value adopts

scientific notation and all have statistical significance.p≥0.05; *, p< 0.05; **, p<0.01;

***, p<0.001. Download the hub gene from the DAIVED website

(https://david.ncifcrf.gov/), and then use the ggplot2 package and clusterProfiler

package in the R language to visualize the enrichment analysis of GO and KEGG.

（Fig. 3A）is the enrichment analysis of up-regulated genes, and（Fig. 3B） is the

enrichment analysis of down-regulated genes. （Fig. 3C）is the visualization diagram

of the enrichment analysis of the hub gene. The 12 hub genes were analyzed with the



pROC package in R language and visualized with the ggplot2 package.（Fig. 4A、4B）

are receiver operating characteristic curves (ROC) of LUAD, and（Fig. 4C、4D） are

receiver operating characteristic curves (ROC) of LUSC. It can be seen that whether it

is in lung adenocarcinoma or lung squamous cell carcinoma, the predictive ability of

variable NUF2 has higher accuracy in predicting the outcome of Normal and Tumor.

Subsequently, the overall survival analysis of the hub genes was performed using

Kaplan-Meier curve. NSCLC patients with CDK1、CCNB1、TOP2A、PRM2、

CHEK1、AURKA、ZWINT、NUF2、MKI67、BIRC5、CEP55、ANLN showed worse

overall survival (Fig. 5A-H). We noticed that NSCLC patients the association of

changes in the NUF2 genome shows a decrease in overall survival, while NSCLC

patients NUF2 genome changes show the highest hazard ratio. The observations are

statistically significant（HR＝2.01 CI1.7-2.39 P＝2.4e-16）(Fig. 5H). The expression

of NUF2 mRNA in a variety of cancer types shows that the expression of NUF2

mRNA in cancer tissues is higher than that in adjacent tissues: (Fig 6A) Comparison

shows that NUF2 mRNA is overexpressed (left column, red) and underexpressed

(right column, blue) The data set is in cancer and normal tissues. The diagram comes

from the Oncomine database (available from

https://www.oncomine.org/resource/login.html). The threshold uses the following

parameters: p value is 1E-4, fold change is 2, and gene ranking is 10%. (Fig 6B)

Expression of NUF2 in 33 human cancers (Gene Expression Profiling Interactive

Analysis 2) (URL https://gepia2.cancer-pku.cn) Obtained from Cancer Genome Atlas

via GEPIA2: Dot plot showing all gene expression profiles The tumor samples and

matched normal tissues were collected. Each point represents the expression of the

sample. (Fig 6C) The expression pattern of NUF2 mRNA in tumors and tissues.

Corresponding normal tissue: From the GENT (gene expression in normal and tumor

tissues) database (http://medicalgenomics.kribb.re.kr/GENT/). The boxes represent

the median and the 25th and 75th percentiles. Dots represent outliers. The red box

represents tumor tissue, and the blue box represents normal tissue.

Use proteinatlas network database (https://www.proteinatlas.org/) to analyze: Fig

7A is the HE staining result of NUF2 in lung adenocarcinoma, and Fig 7B is the HE



staining result of NUF2 in lung squamous cell carcinoma. Fig 7C is the HE staining

result of NUF2 in normal bronchus. Fig 7D is the use of SAGE to analyze NUF2 in

human cancers.The TIMER website (https://cistrome.shinyapps.io/timer/) was used to

show the correlation between tumor immune cell infiltration and NUF2 somatic copy

number in LUAD and LUSD, respectively. According to the copy number of NUF2,

the samples were divided into five categories (Deep Deletion, Arm-level Deletion,

Diploid/Normal, Arm-level Gain, High Amplication), and the distribution of

infiltrated immune cells in the five samples was compared. The display result is: In

LUAD, except for the significant difference in the copy number of Arm-level

Deletion in B cell, the other five types of CD8+T cell, CD4+T cell, Macrophage,

Neutrophils, and Dendritic cell are Diploid/Normal, Arm- There is a significant

difference in level Gain. However, the LUSC is not exactly the same. The copy

numbers in B cell, Neutrophils, and Dendritic cells have obvious differences. The

copy numbers of Arm-level Deletion, Arm-level Gain, and High Amplication in

CD4+T cells have obvious differences. Arm-level in Macrophage Gain has obvious

difference, and any sample difference in CD8+ cell is statistically significant. The

code of P value is significant: 0≤***＜0.001≤**＜0.01≤*＜0.05 (Fig 8A). Use the

TIMER website (https://cistrome.shinyapps.io/timer/) to view the correlation of

immune cells and tumor purity and NUF2 expression in LUAD and LUSD in the

TCGA database(Fig 8B). Table 4 shows the Correlation analysis between NUF2 and

immune cell-related genes and markers in TIMER 0≤***＜0.001≤**＜0.01≤*＜0.05.

Use the UALCAN website (http://ualcan.path.uab.edu/cgi-bin/ualcan-res.pl)

respectively shows the expression differences of NUF2 lung adenocarcinoma tumors

in different grades, normal population and lung adenocarcinoma The expression of

NUF2 in different smokers and the difference in the expression of NUF2 in TP53

mutant and non-mutated lung adenocarcinoma (Fig 9A-C). The differences in the

expression of NUF2 lung squamous cell carcinoma tumors of different grades, the

expression of NUF2 in normal people and different smokers of lung squamous cell

carcinoma, and the difference in expression of NUF2 in TP53 mutated and

non-mutated lung squamous cell carcinoma. *** indicates that the difference is



statistically significant(Fig 9D-F).

Discussion

Lung cancer is the most common cause of cancer death in the world.An estimated 1.6

million people die each year35，Approximately 85% of lung cancer patients have

non-small cell lung cancer pathological types, among which lung adenocarcinoma

(LUAD) and lung squamous cell carcinoma (LUSC) are the most common subtypes

of non-small cell lung cancer36. With the continuous development of molecular

biology and information technology, in the past two decades, we have made

significant progress and progress in the treatment of non-small cell lung cancer

(NSCLC)37.The most common etiology of lung cancer is smoking, and it is also

related to environmental exposure, including second-hand smoking, pollution and

occupational carcinogens, as well as genetic susceptibility, etc38,39. However, the

specific mechanism of the occurrence and development of non-small cell lung cancer

is not extremely clear. Cell cycle regulators play deeply influential roles in NSCLC40.

MiR-34b-3p represses cell proliferation, cell cycle progression and cell apoptosis in

non-small-cell lung cancer (NSCLC) by targeting CDK441, Chidamide-induced ROS

accumulation and miR-129-3p-dependent cell cycle arrest in non-small lung cancer

cells42. Most NSCLC cases that are not detected early are not candidates for

treatment, which may be one of the reasons for the poor prognosis of patients.

Therefore, there is an urgent need for potential markers for efficient diagnosis and

treatment. Microarray technology allows us to explore genetic changes in NSCLC and

has proven to be a useful method for identifying new biomarkers in other diseases43.

In this study, five mRNA microarray data sets were analyzed to obtain DEG

between non-small cell lung cancer tissues and non-cancerous tissues. A total of 562

DEGs were identified in five data sets, including 98 down-regulated genes and 464

up-regulated genes. GO and KEGG enrichment analysis was performed to explore the

interaction between DEG.KEGG pathway analysis revealed that the downregulated

DEGs were mostly enriched in p53 signaling pathway, while the upregulated DEGs



were mostly enriched in Cell adhesion molecules、Leukocyte transendothelial

migration、Vascular smooth muscle contraction、Complement and coagulation

cascades and Axon guidance. these are closely related to immune infiltration，Fathia

Mami-Chouaib et al. studied Resident that memory T cells, critical components in

tumor immunology44.The tumor microenvironment will affect the disease

progression of many human malignant tumors. Infiltration of immune-related cells

into tumors will increase the recruitment of immune activation and anti-disease

immune effector cells and pathways45. In recent years, studies have shown that p53

protein can mediate the nucleolar stress responses, leading to cell cycle arrest,

apoptosis, senescence or differentiation, thereby affecting the occurrence and

development of tumors46. At the same time, the same time, studies have clarified that

mutations of the p53 tumor suppressor gene often occur in lung cancer. Mutant p53

(mtp53) can inhibit wild-type p53 protein and destroy its tumor suppressor function.

In addition, mutant p53 usually functions as an oncogene. The post-translational

modification of p53 protein is important for its transcription and tumor suppressor

function47. In short, short, all these theories are consistent with our results. GO

analysis results showed that DEGs were significantly enriched in extracellular matrix

organization、extracellular structure organization、nuclear division、mitotic nuclear

division、organelle fission、cell-substrate adhesion、cell junction assembly、cell

junction organization、vascular process in circulatory system、ameboidal-type cell

migration,KEGG pathway analysis revealed that DEGs were mainly enriched in p53

signaling pathway, Cell adhesion molecules、Leukocyte transendothelial migration、

Vascular smooth muscle contraction、Complement and coagulation cascades and

Axon guidance.

We selected 12 DEGs as hub genes with degrees ≥10. Among these hub genes,

We noticed that NSCLC patients the association of changes in the NUF2 genome

shows a decrease in overall survival, while NSCLC patients NUF2 genome changes

show the highest hazard ratio.NUF 2, which acts as a component of the essential

kinetochore- associated NDC80 complex, which is required for chromosome

segregation and spindle checkpoint activity. Required for kinetochore integrity and



the organization of stable microtubule binding sites in the outer plate of the

kinetochore. The NDC80 complex synergistically enhances the affinity of the SKA1

complex for microtubules and may allow the NDC80 complex to track

depolymerizing microtubules48. NUF2 is reported as one of the cancer testis antigens,

which is ectopically secreted by cancer, and the expression level of NUF2 is elevated

in prostate cancer tissues49. Xingwei Xie et al. found that Nuf2 participates in the

regulation of cell apoptosis and proliferation by regulating the binding of centromere

and spindle microtubules to achieve the correct separation of chromosomes. And

Nuf2 Is a Prognostic-Related Biomarker and Correlated With Immune Infiltrates in

Hepatocellular Carcinoma50. In addition, addition, NUF2 is overexpressed in breast

cancer, human osteosarcoma, pancreatic cancer, colorectal cancer, and may be

regarded as a valuable biomarker for diagnosis, treatment and prognosis of

tumors51-54. These indicate that NUF2 can be used as an effective indicator for

predicting the prognosis of NSCLC.

Tumor microenvironment (TME) is a key regulator of tumorigenesis, progression

and resistance, and is closely related to tumor drug resistance mechanisms55. In the

tumor microenvironment (TME), tumor, cells continue to evolve to reduce the

production of new antigens and the burden of mutations to evade anti-tumor responses.

This will reduce the tumor's responsiveness to the adaptive immune response and

produce tumor internal factors, such as changes in the expression of

immunomodulatory molecules on tumor cells. External tumor factors, such as

immunosuppressive cells, soluble inhibitory molecules, or inhibitory receptors

expressed by immune cells, can change the composition and activity of tumor

infiltrating lymphocytes (TIL) (by increasing the T regulatory cell: T effector cell

ratio and suppressing T Effector cell function) and promote tumor growth and

metastasis56. Through the analysis of this study, NUF2 is related to immune

infiltration classification in NSCLC, such as CD8+T cell, T cell (general), B cell,

Monocyte, TAM, M1 Macrophage, M2 Macrophage, Neutrophils, Natural killer cell,

Dendritic cell, Th1, Th2, Tfh, Th17, Treg; T cell exhaustions are all related. The

correlation between NUF2 and immunosuppressive gene expression indicates that



NUF2 It plays a key role in regulating tumor immunology.

In summary, this study aims to identify DEGs that may be involved in the

carcinogenesis or progression of NSCLC. A total of 562 DEG and 12 central genes

were identified, which can be used as diagnostic biomarkers for NSCLC. At the same

time, it further proves that NUF2 can be used as an effective immunotherapy target. In

the next step, our research group will use molecular biology experimental methods to

further verify the biological functions of NUF2 in NSCLC from in vivo and in vitro

experiments.

Methods

Microarray data.

GEO (http://www.ncbi.nlm.nih.gov/geo)22 is a public functional genomics data

repository of high throughout gene expression data, chips and microarrays. Five gene

expression datasets [GSE1980416 GSE11837017 GSE1918818 GSE2726219

GSE3353220] were downloaded from GEO (Affymetrix GPL570 platform Affymetrix

Human Genome U133 Plus 2.0 Array respectively,The probes were converted into the

corresponding gene symbol according to the annotation information in the platform.

The GSE19804 dataset contained 60 Non-small cell lung cancer tissue samples and 60

non-cancerous samples. The GSE118370 dataset contained 6 Non-small cell lung

cancer tissue samples and 6 non-cancerous samples. The GSE19188 dataset contained

91 Non-small cell lung cancer tissue samples and 65 non-cancerous samples. The

GSE27262 dataset contained 25 Non-small cell lung cancer tissue samples and 25

non-cancerous samples.The GSE33532 dataset contained 80 Non-small cell lung

cancer tissue samples and 20 non-cancerous samples.

Identification DEGS.

DEGS between non-small cell lung cancer and non-cancer samples were screened by

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r). GEO2R is a cross - activity Web

tool, Allows users to compare two or more data sets in GEO series, For identifying



DEGS. under experimental conditions P value (adj.) adjusted P) and Benjamini and

Hochberg false discovery rates, provides a balance between the limitations of finding

statistically significant genes and false positives. probe sets without corresponding

gene symbols or genes with multiple probe sets were removed or averaged,

respectively. Log FC( folding changes)>1 and adj. P value <0.01 was considered

statistically significant.

DEG KEGG and GO enrichment analysis.

Database Discovery of annotation, visualization and integration

(DAVID;http://david.ncifcrf.gov)(version6.7)23 is an online version Biological

Information Database for Integration of Biological Information Data and analysis

tools and a comprehensive set of tools Functional annotation of genes and proteins

used Users can extract biological information. KEGG is a database Resources for

understanding advanced and biological functions Systems generated from large-scale

molecular datasets high throughput experimental techniques24. GO is a professional

course.

PPI network construction and module analysis.

The PPI network was predicted using Search Tool for the Retrieval of Interacting

Genes (STRING; http://string-db.org) (version 10.0)25 online database. Analyzing the

functional interactions between proteins may provide insights into the mechanisms of

generation or development of diseases. In the present study, PPI network of DEGs

was constructed using STRING database, and an interaction with a combined

score >0.4 was considered statistically significant. Cytoscape (version 3.4.0) is an

open source bioinformatics software platform for visualizing molecular interaction

networks26. The plug-in Molecular Complex Detection (MCODE) (version 1.4.2) of

Cytoscape is an APP for clustering a given network based on topology to find densely

connected regions27. The PPI networks were drawn using Cytoscape and the most

significant module in the PPI networks was identified using MCODE. The criteria for

selection were as follows: MCODE scores >5, degree cut-off=2, node score



cut-off=0.2, Max depth=100 and k-score=2. Subsequently, the KEGG and GO

analyses for genes in this module were performed using DAVID.

Hub genes selection and analysis.

The hub genes were selected Hub genes selection and analysis. The hub genes were

selected with degrees ≥10. A network of the genes and their co-expression genes was

analyzed using cBioPortal (http://www.cbioportal. org) 28,29 online platform. The

biological process analysis of hub genes was performed and visualized using

Biological Networks Gene Oncology tool (BiNGO) (version 3.0.3) plugin of

Cytoscape30 . Hierarchical clustering of hub genes was constructed using UCSC

Cancer Genomics Browser (http:// genome-cancer.ucsc.edu) 31. The overall survival

and disease-free survival analyses of hub genes were performed using Kaplan-Meier

curve in cBioPortal. The expression profiles of NUF2 was analyzed and displayed

using online database Serial Analysis of Gene Expression (SAGE; http://www.

ncbi.nlm.nih.gov/SAGE). The relationship between expression patterns and tumor

grades, infection status, satellites and vascular invasion were analyzed using online

database Oncomine (http://www.oncomine.com)32-34 .
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Figures

Figure 1

Venn diagram, PPI network and the most signi�cant module of DEGs. (A) DEGs were selected with a fold
change >1 and P-value <0.01 among the mRNA expression pro�ling set GSE19804 GSE118370
GSE19188 GSE27262 GSE33532. The 5 datasets showed an overlap of 562 genes. (B) The most



signi�cant module was obtained from PPI network with 12 nodes and 66 edges. (C)The PPI network of
DEGs was constructed using Cytoscape. Upregulated genes are marked in light red; downregulated genes
are marked in light blue.

Figure 2

The 12 hub genes were used to draw the difference in the distribution of lung adenocarcinoma and lung
squamous cell carcinoma tissues and adjacent tissues in the TCGA (https://portal.gdc.cancer.gov/)
database using ggplot2 in R language. A is the expression of hub gene in cancer tissues and adjacent
tissues of unpaired samples in LUAD, and B is the expression of hub gene in cancer tissues and adjacent
tissues of unpaired samples in LUSD. C represents the expression of hub gene in LUAD paired sample
cancer tissues and adjacent tissues, and D represents the expression of hub gene in LUSD paired sample
cancer tissues and adjacent tissues. The P value adopts scienti�c notation and all have statistical
signi�cance. *, p< 0.05; **, p<0.01; ***, p<0.001.



Figure 3

Download the hub gene from the DAIVED website (https://david.ncifcrf.gov/), and then use the ggplot2
package and cluster Pro�ler package in the R language to visualize the enrichment analysis of GO and
KEGG. Panel A is the enrichment analysis of up-regulated genes, and panel B is the enrichment analysis
of down-regulated genes. C is the visualization diagram of the enrichment analysis of the hub gene.



Figure 4

The 12 hub genes were analyzed with the pROC package in R language and visualized with the ggplot2
package. A and B are receiver operating characteristic curves (ROC) of LUAD, and C and D are receiver
operating characteristic curves (ROC) of LUSC.



Figure 5

Overall survival analyses of 12 hub genes were performed using Kaplan-Meier Plotter online platform.
P<0.05 was considered statistically signi�cant.



Figure 6

NUF2 mRNA expression in a variety of cancer types: (a) Comparison shows The datasets of NUF2 mRNA
overexpression (left column, red) and underexpression (right column, blue) are in cancer and normal
tissues. The graphic representation is derived from the Oncomine database(Available from
https://www.oncomine.org/resource/login.html), and the threshold is to use the following parameters: p
value is 1E-4, fold change is 2, and gene ranking is 10%. (B) Expression of NUF2 expression in 33 human



cancers (Gene Expression Pro�ling Interactive Analysis 2) (URL https://gepia2.cancer-pku.cn) obtained
from the Cancer Genome Atlas via GEPIA2: dot map The gene expression pro�les in all tumor samples
and paired normal tissues are shown. Each point represents the expression of the sample. (C) The
expression pattern of NUF2 mRNA in tumors and tissues. The corresponding normal tissues: The data on
the expression of NUF2 mRNA in various types of cancer is retrieved from the GENT (gene expression in
normal and tumor tissue) database (available at http://medicalgenomics.kribb.re.kr/GENT/). The boxes
represent the median and the 25th and 75th percentiles. Dots represent outliers. The red box represents
tumor tissue, and the blue box represents normal tissue.

Figure 7

Use proteinatlas network database (https://www.proteinatlas.org/) to analyze: A is the HE staining result
of NUF2 in lung adenocarcinoma, and B is the HE staining result of NUF2 in lung squamous cell
carcinoma. C is the HE staining result of NUF2 in normal bronchus. D is the use of SAGE to analyze NUF2
in human cancers.



Figure 8

AUse the TIMER website (https://cistrome.shinyapps.io/timer/) show To explore the correlation
between tumor immune cell in�ltration and somatic cell copy number of NUF2 in LUAD and LUSD
respectively. According to the copy number of NUF2, samples are divided into �ve categories (Deep
Deletion, Arm-level Deletion, Diploid/Normal, Arm-level Gain, High Amplication), compare the distribution
of immune cells in�ltrated among the �ve types of samples. P-Value signi�cant Codes: 0≤ ***0.001≤**
0.01≤*0.05.BUse the TIMER website (https://cistrome.shinyapps.io/timer/) to view the correlation
between immune cell and tumor purity and NUF2 expression in LUAD and LUSD in the TCGA database.



Figure 9

(A-C) Use the UALCAN website (http://ualcan.path.uab.edu/cgi-bin/ualcan-res.pl) respectively shows the
expression differences of NUF2 lung adenocarcinoma tumors in different grades, normal population and
lung adenocarcinoma The expression of NUF2 in different smokers and the difference in the expression
of NUF2 in TP53 mutant and non-mutated lung adenocarcinoma. (D-F) The differences in the expression
of NUF2 lung squamous cell carcinoma tumors of different grades, the expression of NUF2 in normal
people and different smokers of lung squamous cell carcinoma, and the difference in expression of NUF2
in TP53 mutated and non-mutated lung squamous cell carcinoma. *** indicates that the difference is
statistically signi�cant.
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