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Background: Lung adenocarcinoma (LUAD) has high morbidity and mortality. Current studies indicate nucleoporin 107 (NUP107)
is involved in the construction of nuclear pore complex, and NUP107 overexpression contributes to the growth and development in
most types of cancers, but its effect in LUAD has not been elucidated.

Methods: Differences in NUP107 expression were investigated using the Cancer Genome Atlas (TCGA) and multiple Gene
Expression Omnibus (GEO) data sets. Enrichment analysis were implemented to probe the NUP107 function. The association of
NUP107 with the degree of immune cell infiltration was investigated by the TIMER database, single-sample gene set enrichment
analysis (ssGSEA), and ESTIMATE. The association of NUP107 expression with tumor mutation burden (TMB), TP53, and immune
checkpoint was analyzed. Single-cell RNA sequencing data were used to detect NUP107 expression in different cell clusters. Finally,
we performed real-time quantitative polymerase chain reaction (RT-qPCR) and immunohistochemistry (IHC) to prove the difference of
NUP107 expression.

Results: NUP107 was overexpressed in LUAD and mainly expressed in cancer stem cell (CSC). Overexpression of NUP107 in LUAD
suggested a poorer prognosis. Functional enrichment analysis pointed out that NUP107 was mainly linked to the regulation of cell cycle.
Both immune cell infiltration and TMB were found to be in connection with NUP107. Cases in the group with high NUP107 expression had
poorer immune infiltration, but had higher expression of immune checkpoints, TMB, and proportion of TP53 mutations.

Conclusion: NUP107 is a sensitive diagnostic and prognostic factor for LUAD and may be involved in tumor progression through its
effects on cell cycle and immune infiltration.
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Introduction
Lung cancer is one of the most common types of cancer worldwide and the leading cause of cancer death.' The main
category of lung cancer is non-small cell lung cancer, accounting for about 85%, and lung adenocarcinoma, as a kind of
non-small cell lung cancer, is the most frequently occurring pathological type.>* High incidence and low survival rate are
important features of lung adenocarcinoma. Although immunological and targeted therapy appears to promote the
treatment outcome, it is still not ideal.*

NUP107 not only comes into play in the development of many types of cancer, it is also involved in the construction of
nuclear pore complex.>® Regulating nucleocytoplasmic transport and chromatin organization is a crucial role of the nuclear
pore complex, which may control the biological properties of cancer and influence the therapeutic effect of cancer.”

International Journal of General Medicine 2023:16 5449-5465 5449
Received: 20 September 2023 © 2023 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 14 November 2023
Published: 22 November 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al Dove

Tumor immunotherapy and immune infiltration are the focus of cancer research and have wide clinical application in LUAD.
However, NUP107 has not been systematically explored in relation to immune infiltration and immunotherapy in LUAD.

We obtained the TCGA data set of LUAD and several GEO data sets, and used R language for bioinformatics
analysis. We investigated differential expression of NUP107 in various cancers and in different cell clusters. Functional
enrichment analysis was performed using differential expression genes (DEGs) to explore NUP107 functions. The
connection between NUP107 and immune infiltration, tumor mutation burden, and immune checkpoint was studied.
Finally, RT-qPCR and IHC was conducted to verify NUP107 expression in LUAD and adjacent tissues.

Materials and Methods

Data Acquisition

LUAD RNA data in TCGA database were obtained from UCSC Xena (xenabrowser.net), including 510 tumor tissue and 58
normal tissue samples. Corresponding survival data (overall survival time, survival status) was also downloaded. GSE10072 (58
LUAD cases and 49 normal cases), GSE27262 (25 LUAD cases and 25 normal cases), GSE30219 (85 LUAD cases and 14
normal cases), GSE171145, and GSE198291 were obtained from GEO database (https:/www.ncbi.nlm.nih.gov/geo/). Fasta
format sequences of all mature miRNA sequences and mictoRNA (miRNA) data of LUAD were downloaded from miRbase

(https://www.mirbase.org/) and TCGA respectively. Data had been converted by log2(x+1). Pan-Cancer dataset was obtained
from UCSC Xena, and performed log2(x+1) transformations for each expression value. Genomic Data Commons (https://portal.
gdc.cancer.gov/) was used to acquire simple nucleotide variation data for LUAD from TCGA.

Differential Expression of NUP107 and Its Diagnostic Value in LUAD

The R package UCSCXenaShiny was applied to calculate and visualize differential expression of NUP107 between
tumor and normal samples in each cancer. Data from TCGA, GSE10072, GSE27262, and GSE30219 datasets were
devoted to verification of NUP107 expression differences between LUAD and normal samples. In order to assess the
value of NUP107 in diagnosis, the receiver operator characteristic (ROC) curve was established by R package ROCR and
the area under the ROC curve was calculated.

Analysis of the Prognostic Value of NUP107 in LUAD

LUAD in TCGA and GSE30219 database were split into two groups according to NUP107 expression (cutoff value was
the quartile). The value of NUP107 in prognosis was assessed using survival analysis performed with R package survival
and survminer. Kaplan—Meier (KM) survival analyses of overall survival time was performed to draw the survival curve.
The prognostic value of NUP107 in LUAD was validated using the GEPIA database (http://gepia.cancer-pku.cn/).
Independent factors of LUAD were determined by COX analysis.

|dentification of Differential Expression Genes (DEGs) and Functional Enrichment

Analysis of NUP|07

To identify DEGs of NUP107, high and low NUP107 expression tumor cases in TCGA dataset were performed with
R package limma. The absolute value of log 2 fold change >1.0 was set as the threshold for filtering out DEGs. The
visualization of DEGs’ volcano map was realized through R package ggpubr and ggthemes. In order to probe the
NUP107 function in LUAD, GO, KEGG, and GSEA were respectively deployed on DEGs by R package clusterProfiler.

|dentification of Hub Genes by WGCNA and Protein—Protein Interaction (PPI)
Network

Weighted gene co-expression network® was constructed to pick out the modules related to clinical phenotypes using
R Package WGCNA. DEGs were classified into modules according to their characteristics, and a heat map of the connection
between clinical phenotypes and modules was drawn. Key modules were defined as those most relevant to clinical phenotypes.
On the basis of the setting of gene significance (GS) and module membership (MM), 14 genes were selected from key modules
to construct PPI network (highest confidence). Finally, 5 genes interact closely and are defined as hub genes.
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Expression Difference and Survival Analysis of Hub Genes

Data from the TCGA dataset were used for differential expression analysis and survival analysis of hub genes, and the
ability of hub genes to distinguish LUAD was evaluated using ROC curves. Immunohistochemical images of hub genes
were obtained from the Human Protein Atlas (HPA) (www.proteinatlas.org) to demonstrate discrepancies in protein

expression level. Finally, KM survival analysis of hub genes was performed.

Construction of ceRNA Network of NUP|107

ENCORI (https://starbase.sysu.edu.cn/) was used to forecast related miRNAs and long non-coding RNAs (IncRNAs).
According to the ceRNA theory, predicted miRNAs inversely correlated expressed with NUP107 (Spearman coefficient
r <—0.2, p <0.05) were considered miRNA targeted NUP107. Core miRNAs of NUP107 are differentially expressed in
tumor and normal cases and their expression can affect the prognosis of tumor cases. According to the ceRNA theory,

predicted IncRNAs inversely correlated expressed with miRNA (Spearman coefficient r < —0.2, p < 0.05) were
considered IncRNA targeted miRNA. Core IncRNAs also meet the conditions that Their expression differ between
tumor and normal cases and affect the prognosis of tumor cases.

Tumor Immunology Analysis
The Tumor Immune Estimation Resource (TIMER) (https://cistrome.shinyapps.io/timer/), a network analysis tool that

provides a multi-analysis of tumor immune interactions,” was applied to detect the connection between NUP107 copy
number variation and immune infiltration levels. The ssGSEA quantifies the infiltration levels of 28 immune cells in
tumor cases by R package GSVA. ESTIMATE'? can infer the stromal and immune cell components of tumor cases from
the signatures of gene expression, and finally get the tumor purity, ESTIMATE score, immune score, and stromal score of
all LUAD cases. According to NUP107 expression, tumor cases were split into high and low expression groups (cutoff
value was the quartile), and differences in immune infiltration were analyzed.

NUPI107 Expression in Relation to TMB and Immune Checkpoints
Oncoplots of NUP107 in different expression groups were drawn and visualized using R package maftools. The TMB
and immune checkpoints expression in tumor cases was analyzed for differences between the two groups.

Comparison of NUP107 Expression in Different Cell Clusters

GSE171145 and GSE198291 were used to analyze NUP107 expression in different cell clusters. R package Seurat was
used to perform quality control (QC) procedure. Reduction of dimensionality and clustering were implemented through
uniform manifold approximation and projection (UMAP). The clusters were manually annotated using marker genes
through CellMarker database (http://biocc.hrbmu.edu.cn/CellMarker/). Finally, NUP107 expression in different clusters
was compared.

Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR)

After informed consent was obtained from the Medical Ethics Committee of First Affiliated Hospital of Guangxi Medical
University and from all patients participating in the study, tumors and adjacent tissues from 21 LUAD patients were gathered
from the First Affiliated Hospital of Guangxi Medical University. We extract total RNA from these tissues and reverse
transcribe total RNA into cDNA. Finally, RT-qPCR was implemented to analyze NUP107 expression. The primer sequence is
as follows: NUP107-F, 5'-TCATTGCACCTGACCTGATCC-3"; NUP107-R, 5'-TCCAACAGACAGCATCATCGG-3'.

Immunohistochemistry (IHC) Staining

Paraffin-embedded specimens of 20 LUAD patients, including cancerous and adjacent tissues, were gathered from the
First Affiliated Hospital of Guangxi Medical University. The experiment was approved by the Medical Ethics Committee
of First Affiliated Hospital of Guangxi Medical University and informed consent was obtained from all patients.
Immunohistochemical staining was performed on each tissue according to the instructions of the general two-step Kkit.
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The tissue sections were incubated with the anti NUP107 (1:400) overnight at 4°C. They were then incubated for 30
minutes with the enhanced enzyme labeled goat anti mouse/rabbit IgG polymer. DAB chromogenic kit (ZLI-9018,
Origin, Beijing) and hematoxylin were used for color development and counterstain of tissue sections. The IHC score of
each tissue was assessed independently by two pathologists.

Statistical Analysis

Statistics were performed by R, version 4.2.0. Two-group differential expression analysis was performed by #-test. The KM
survival analysis was implemented using Log rank test. The correlation analysis employed Spearman correlation to evaluate.
The threshold of significant difference was set as p < 0.05 (ns, No significance; *p < 0.05; **p < 0.01; ***p < (0.001).

Results
Diagnostic Value of NUP107 in LUAD

Pan-cancer analysis results from the TCGA dataset show that NUP107 was overexpressed in tumor tissue than in normal
tissue in multiple types of cancer (Figure 1A). Analysis of TCGA dataset and 3 GEO validation datasets showed that
NUP107 was overexpressed in LUAD (Figure 1B-E). The area under the curve (AUC) from the TCGA dataset was
0.8595 (Figure 1F), and the results of the GEO validation datasets were 0.8501, 0.8896, and 0.7866 (Figure 1G—I). ROC
curve results indicate that NUP107 has good positive diagnostic value for LUAD.

Prognostic Value of NUP107 in LUAD

Results from KM survival analyses from the TCGA (Figure 2A), GSE30219 (Figure 2B) datasets, and GEPIA database
(Figure 2C) indicated that NUP107 overexpression in LUAD contributed to poor prognosis. HR of NUP107 was 1.3 in
both COX univariate analysis (Figure 2D) and COX multivariate analysis (Figure 2E), suggesting that NUP107 was an
independent prognostic factor indicating poor survival in LUAD.

|dentification of DEGs and Functional Enrichment Analysis of NUP |07

A total of 2211 DEGs were obtained, including 1514 up-regulated DEGs and 697 down-regulated DEGs (Figure 3A), and all
were used in enrichment analysis. Biological Process (BP) in Gene Ontology (GO) analysis shows five terms, all related to the
cell cycle, including “organelle fission”, “nuclear division”, “chromosome segregation”, “nuclear chromosome segregation”, and
“meiotic cell cycle” (Figure 3B). The DEGs in Kyoto Encyclopedia of Genes, Genomes (KEGG) analysis were concentrated in
items related to cell cycle and metabolism, including “Neuroactive ligand—receptor interaction”, “Cell cycle”, “Oocyte meiosis”,
“Complement and coagulation cascades”, “Bile secretion”, “Metabolism of xenobiotics by cytochrome P450”, “Drug metabo-
lism — cytochrome P450”, “Nicotine addiction”, ““Arachidonic acid metabolism”, and “DNA replication” (Figure 3C). With Gene
Set Enrichment Analysis (GSEA) enrichment analysis, DEGs were concentrated in these terms, including
“GO_CELL_CYCLE”, “GO_CELL_CYCLE PROCESS”, “GO_DNA_BINDING TRANSCRIPTION FACTOR_ACTIV
ITY”, “GO_MITOTIC CELL CYCLE”, “GO_MULTIVESICULAR BODY”, “GO_PEPTIDASE REGULATOR ACTIV
ITY”?, “GO_REGULATION OF IMMUNE SYSTEM PROCESS”, “GO_SEQUENCE SPECIFIC DNA BINDING”,
“GO_SEQUENCE_SPECIFIC DOUBLE STRANDED DNA BINDING”, and “GO_SERINE TYPE ENDOPEPTIDA
SE INHIBITOR ACTIVITY”, which are principally correlative with cell cycle (Figure 3D). GO, KEGG, and GSEA analysis
indicated that NUP107 expression promotes cell division.

Screening of Hub Genes by WGCNA and PPl Network

The WGCNA analysis of 2211 DEGs was carried out, and the DEGs were clustered into 11 modules by using the average
link level clustering method (Figure 4A—C). According to correlation analysis between modules and traits, turquoise
module had the maximum positive correlation coefficient with NUP107 (R = 0.68, P = 5e-36) and negative correlation
coefficient with immunity (R = —0.29, P = 4e-06) respectively, so it was considered as a key module (Figure 4D). By
setting module membership and gene significance both greater than 0.65, 14 genes (NUP107, CDK2, XPOT,
TMEMI194A, TIMELESS, TOP2A, ESPL1, FANCI, POLQ, RADS4L, BUBI, KIF15, RACGAP1, TICRR) in turquoise
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Figure | NUP107 is overexpressed in LUAD and is a meaningful diagnostic factor. (A) Differential expression of NUP[07 in tumor and normal groups in multiple cancers in
the TCGA database. (B-E) Comparison of NUP[07 expression levels between tumor and normal groups in TCGA dataset and 3 GEO validation datasets (GSE10072,
GSE27262, GSE30219). (F-1) Diagnostic ROC curve of NUP107 in TCGA dataset and 3 GEO validation datasets (GSE10072, GSE27262, GSE30219). *p < 0.05; ***p < 0.001.
Abbreviations: NUPI07, nucleoporin 107; ACC, adrenocortical carcinoma; BLCA, bladder cancer; BRCA, breast cancer; CESC, cervical cancer; CHOL,
Cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, Diffuse large B-cell lymphoma; ESCA, esophageal cancer; GBM, Glioblastoma; HNSC, head and neck squamous
cancer; KICH, kidney chromophobe carcinoma; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute Myeloid Leukemia; LGG,
Lower-grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous
cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma;
SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumor; THCA, thyroid carcinoma; THYM, thymoma; UCEC,
uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus; AUC,
area under curve; ROC, receiver operator characteristic.

module were screened out (Figure 4E). PPI network was constructed with 14 genes obtained from WGCNA, and 5
closely interacting genes were considered as hub genes (TOP2A, ESPL1, BUBI, KIF15, RACGAP1) (Figure 4F).

Further Analysis of Hub Genes

Hub genes in tumor tissues was overexpressed in tumor cases (Figure SA-E). Diagnostic ROC curve was constructed to
assess the value of TOP2A, KIF15, ESPL1, BUB1 and RACGAP1 in terms of diagnosis for LUAD, and their AUC were
0.9895, 0.9615, 0.9601, 0.9488 and 0.8985, respectively (Figure 5F-J), indicating that hub genes have good diagnostic
value for LUAD. Hub genes contributed to a poor outcome in terms of prognosis in LUAD and were considered as risk
factors (HR > 1) (Figure 5K-0O). Compared with normal tissues, the degree of immunohistochemical staining in tumor
tissues was deeper, confirming the overexpression of TOP2A, ESPL1, KIF15, and RACGAP1 in LUAD (Figure 5P-S).
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Figure 2 Overexpression of NUP107 is related to poor prognosis. (A and B) Kaplan-Meier (KM) survival analysis of NUP107 in TCGA dataset and GSE30219 dataset. (C)
KM survival curve of NUP107 from the GEPIA database. (D) COX univariate analysis of clinical characteristics in LUAD. (E) COX multivariate analysis of meaningful clinical
characteristics.

Abbreviations: KM, Kaplan-Meier; NUP107, nucleoporin 107; TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma; HR, hazard ratio.

Construction of ceRNA Network Associated with NUP107

hsa-miR-140-3p was the miRNA predicted by NUP107, and there was a negative correlation between them (Figure 6A).
Five predicted IncRNAs had inverse correlation with the hsa-miR-140-3p expression (Figure 6B-F). The ceRNA
network was established to demonstrate the connection between mRNA, miRNA, and IncRNA (Figure 6G). hsa-miR
-140-3p was overexpressed in lung tissue (Figure 6H), and its overexpression contributed to good prognosis of LUAD
samples (Figure 6I). Among the five predicted IncRNAs, AL024508.2 was overexpressed in tumor tissues (Figure 6J),
and its overexpression contributed to poor prognosis in tumor cases (Figure 6K). Therefore, AL024508.2 was identified
as a core IncRNA due to its differential expression and correlation with prognosis.

Comparison of Immune Infiltrates Associated with NUP 107 Expression in LUAD

The analysis results from the TIMER database indicated that the infiltration of B cells, CD4+ T cell, Macrophage and
dendritic cell decreased significantly after the arm-level gain of NUP107 (Figure 7A). The results of ssGSEA indicated
that 15 subtypes of immune cell in high NUP107 expression group was low expressed, including Activated B cell,
Activated dendritic cell, Central memory CD4 T cell, Central memory CDS8 T cell, Eosinophil, Immature dendritic cell,
Macrophage, Mast cell, MDSC, Monocyte, Natural killer cell, Plasmacytoid dendritic cell, T follicular helper cell, Type 1
T helper cell, and Type 17 T helper cell; 4 subtypes of immune cells (Activated CD4 T cell, Effector memory CD4 T cell,
Memory B cell, Type 2 T helper cell) were highly expressed in NUP107 high expression group (Figure 7B). The high
NUP107 expression group showed lower ESTIMATE, immune, and Stromal score, and higher tumor purity than low
NUP107 expression group (Figure 7C-F).
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Figure 3 DEGs and function analysis of NUP107. (A) A volcanic map composed of meaningful DEGs in the TCGA dataset. (B) The dot plot displayed the outcomes of GO
analysis. (C) The dot plot displayed the outcomes of KEGG analysis. The degree of gene enrichment and significance in the dot plot were indicated by dot size and color,
respectively. (D) Demonstration of the outcomes of GSEA analysis.

Abbreviations: DEGs, differential expression genes; NUP107, nucleoporin 107; TCGA, The Cancer Genome Atlas; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of
Genes, Genomes; GSEA, Gene Set Enrichment Analysis.

Differences in Gene Mutation and Comparison of Immune Checkpoint Expression
The effect of immunotherapy on tumors can be influenced by immune checkpoints and TMB. The gene mutation maps of
different NUP107 expression groups were shown in the Figure, and the proportion of TP53 mutations was higher in high
NUP107 expression group (Figure 8A and B). NUP107 high expression group showed higher TMB (Figure 8C), and had
higher immune checkpoint (PDCD1, CD274, CTLA4, LAG3, TIGIT) expression (Figure 8D).

Comparison of NUPI107 Expression in Different Cell Clusters

In the GSE198291 dataset, seven types of cell clusters were obtained after reduction of dimensionality and clustering,
including ciliated cell, macrophage, cancer stem cell (CSC), CD8+ T cell, endothelial cell, monocyte, and idiopathic
pulmonary fibrosis (IPF) cell (Figure 9A), and NUP107 was mainly expressed in cancer stem cell and IPF cell (Figure 9B
and E). Ionocyte cell, epithelial cell, monocyte, secretory cell, cancer stem cell, macrophage, brush cell, myofibroblast,
B cell, ciliated cell, type II pneumocyte, endothelial cell, and stromal cell were obtained by reduction of dimensionality
and clustering of GSE171145 dataset (Figure 9C), and analysis again revealed that NUP107 was mainly expressed in
tumor stem cell (Figure 9D and F).
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Validation of Differences in NUPI107 Expression Between LUAD and Adjacent Lung

Tissues by RT-qPCR and IHC

RT-gPCR was performed on tumor and adjacent tissues from 21 LUAD patients to detect NUP107 expression levels, and
it was concluded that NUP107 was overexpressed in tumor tissues (Figure 10A). The IHC score of tumor tissue was
significantly higher (Figure 10B) and the degree of immunohistochemical staining was deeper (Figure 10C and D) than
that of adjacent lung tissue, indicating that the protein level of NUP107 is higher in LUAD tissue.
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Discussion

Overexpression of NUP107 has been reported in cervical cancer, gastric cancer, and colon cancer and participates in the
onset and development of tumors.”'"'? For example, in cervical cancer, NUP107 contributes to cancer cell survival, and
overexpression of NUP107 makes cancer cells more resistant to oxidative damage.” In this study, results from pan-cancer
analysis indicated that NUP107 was overexpressed in most types of cancer. We further analyzed NUP107 expression in
LUAD by using multiple datasets and detected that NUP107 was up-regulated in tumor tissues and mainly expressed in
CSCs. LUAD can be distinguished from normal tissues by NUP107 expression levels according to ROC curve results,
suggesting that NUP107 may be a novel marker in terms of diagnostics for LUAD. Survival analysis indicated that the
prognosis tended to be poor in patients with higher NUP107 expression, revealing that NUP107 has an important
prognostic value.

We identified DEGs associated with NUP107 expression in LUAD and performed functional enrichment analyses to
probe potential functions of NUP107. The cell cycle was a function in which GO, KEGG, and GSEA are enriched. The
results of functional enrichment indicate that NUP107 is closely related to cell cycle. Abnormal cell cycle is one of the
basic mechanisms of cancer onset and development, and provides more targets for cancer treatment.'®> Recently,
upregulation of PRR11 has been reported to be associated with cell cycle pathways, and its overexpression promotes
cancer progression in LUAD and has been identified as a prognostic biomarker of LUAD.'* In conclusion, it is suggested
that NUP107 may promote cancer development by regulating the cell cycle. NUP107 was closely linked to cytochrome
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P450 and arachidonic acid metabolism in KEGG analysis. Recent studies have shown that CYP27A1, a member of the
cytochrome P450 oxidase family, is closely related to the prognosis of LUAD.' It has been reported that cytochrome
P450 mediates the metabolism of carcinogens in lung cancer and is an significant factor in carcinogenesis.'® Arachidonic
acid, which binds to cancer membranes, can be metabolized into eicosanoids, which promotes cancer progression and
invasion.'” The GSEA enrichment analysis indicated that NUP107 may participate in regulation of immune system and
transcription factor activity. It has been found that some genes acting as transcriptional activators, such as CHURCI, can
bind to transcription factors to affect the development of LUAD.'® In summary of the above functional enrichment
analysis, NUP107 took on important functions in the onset and development of LUAD.

We constructed WGCNA and PPI network to explore the downstream genes for NUP107. Downstream hub genes,
including TOP2A, ESPL1, BUBI, KIF15, and RACGAP1, were identified and further analyzed. Each hub gene was
overexpressed in tumor tissue, and their overexpression in tumor samples suggested a poor prognosis. The value of 5 hub
genes in diagnosis and prognosis of LUAD was excellent. According to existing reports, TOP2A is overexpressed in
LUAD and contributes to the migration and invasion of cancer cells;'” ESPLI is up-regulated in LUAD cells and
promotes cancer cell invasion and migration;?* BUBI is overexpressed in LUAD and may act on the cell cycle to affect
tumor progression;?! KIF15 expression was detected at higher levels in lung adenocarcinoma than in normal lung tissue
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Figure 7 Immune relation analysis in LUAD. (A) Comparison of immune infiltration levels between different CNV types of NUP107 in LUAD. (B) Differences in the
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and is critical in the growth of LUAD cells;*> RACGAP1 expression in LUAD exhibits higher levels than in normal

tissues and is concerned in tumorigenesis.”®
Non-coding RNAs, including miRNAs and IncRNAs, participate in competitive regulation and are part of the ceRNA

network,

and abnormal expression of any component in the network may cause the onset and development of cancer.** In

the ceRNA network, the occurrence and progression of cancer can be regulated in the following ways: miRNA can
specifically bind to downstream mRNA to reduce the protein production in the process of gene translation, while IncRNA
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A Altered in 119 (95.2%) of 125 samples. B Altered in 110 (88.71%) of 124 samples.
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Figure 8 Exploration of the relationship between immunotherapy and NUP107 through TMB and immune checkpoint. (A) The gene mutation maps of high NUPI07
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Abbreviations: ns, No significance; NUP 107, nucleoporin 107; TMB, tumor mutation burden; LUAD, lung adenocarcinoma.

can competitively bind to miRNA, reducing the binding of downstream mRNA to miRNA and restoring the activity of
mRNA.** hsa-miR-140-3p was predicted as the upstream miRNA of NUP107, and it was underexpressed in tumor
tissues, and its overexpression in tumor cases was conducive to good prognosis. hsa-miR-140-3p has been proved to be
down-regulated in lung squamous cell carcinoma and has important diagnostic value.”® There were five upstream
IncRNAs predicted by hsa-miR-140-3p, and AL024508.2 was regarded as the core IncRNAs depending on its signifi-
cance in differential analysis and survival analysis. Overall, further experiments are needed to confirm our hypothesis.
The tumor microenvironment interacts with onset and development of tumor, and immune cells are also involved as
one of the cell types of the microenvironment.”’ In the analysis of the relevance between NUP107 and immune
infiltration, it was found that the infiltration of B cells, CD4+ T cells, macrophages, and dendritic cells were declined
in tumor samples with arm-level gain of NUP107. In ssGSEA analysis, immune cells showed low infiltration in NUP107
overexpressed tumor samples. The immune cells mentioned above included B cell, dendritic cell, CD4 T cell, CD8 T cell,
eosinophil, macrophage, mast cell, MDSC, monocyte, natural killer cell, T follicular helper cell, Type 1 T helper cell
(Th1), and Type 17 T helper cell (Th17). B cells are antigen-presenting cells that differentiate into plasma cells that
produce antitumor antibodies and promote T cell responses to enhance antitumor effects.”® Dendritic cells can participate
in anti-tumor t cell immunity by infiltrating tumors and playing an antigen-presenting function.”” CD4 T cells are
necessary to maintain the antitumor properties of CD8 T cells, and can play an indirect tumor suppressor role by
promoting the antineoplastic activity of other effector cells, as well as a direct antitumor role by producing tumor
necrosis factor-a (TNF-o) and interferon-y (IFN-y).30 CDS8 T cells play an indispensable role as the main force of
antineoplastic immune cells in the microenvironment.>’ Whether eosinophils have an antitumor or tumor-promoting role
in cancer is still debated and may be related to a variety of factors, including different cancer types and unexplored
subtypes of eosinophils.*** The role of macrophages in cancer is mainly related to the subtypes of cell differentiation, in
which M2 cells play a pro-tumor role while M1 cells do the opposite.** Function of mast cell in tumors is related to

cancer type and plays an antitumor role in lung cancer.*® There is a positive correlation between mast cell infiltration and
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clinical outcome in early LUAD.® T follicular helper cells can maintain the antineoplastic function of CD8 T cells and
enhance cytokine production and cytotoxic function, which is of great significance in anti-tumor.®” Th1, Type 2 T helper
cell (Th2), and Th17 are three subtypes of CD4+ T helper cells; The onset and development of lung cancer may be
related to the imbalance between Thl and Th2, and Thl has antitumor effect; Th17 can play an indirect antitumor role in
induction of anti-tumor immunity.*® In the ESTIMATE analysis, NUP107 overexpression group displayed higher tumor
purity and lower ESTIMATE score, immune score, stromal score. In conclusion, there is a relationship between NUP107
and immune infiltration in LUAD, and immune function is poorer in the high NUP107 expression group.
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Receptor-ligand interaction is the mechanism by which many immune checkpoints cause immune escape, and
blocking this mechanism can enhance the anti-tumor effects.* The application of immune checkpoint inhibitors (ICIs)
is an immunological therapy targeting immune checkpoints that has shown positive improvement in survival and
prognosis of patients with lung cancer.*® CD274 (PD-L1) is a ligand of PDCD1 (PD-1), and their binding can cause
the suppression of T-cell-mediated immune response, resulting in immune escape of tumor cells.*! The therapeutic effect
of immune checkpoint inhibitors targeting PD-1, PD-L1, and CTLA4 has been widely reported, and their combination
therapy can improve the effectiveness of treatment.*'*> LAG3 and TIGIT, as the next generation targets of immunother-
apy, provide new therapeutic strategies for patients who do not respond to anti-PD1 immunotherapy.*® Immunotherapy
targeting LAG3 or TIGIT, in combination with other immune checkpoint inhibitors, demonstrated a more powerful
antitumor effect than monotherapy.***° Higher expressions of the above immune checkpoints were detected in the high
NUP107 expression group. Through the analysis of mutant landscapes, significant differences were reflected in the two
groups with different NUP107 expression. It was found that the TMB was higher in the high NUP107 expression group
and there were more gene mutations, especially TP53. The connection between TMB and ICI response has been
demonstrated in multiple cancers, including lung cancer, and patients with tumors with high TMB may respond better
to immunotherapy.*” We can infer from these results that immunotherapy may be more effective in patients with high
NUP107 expression.

However, there are some limitations to the results in this study that should be acknowledged. First of all, the sample
size from the public database is not large enough and may cause inevitable errors. Secondly, molecular functions are
explored based on bioinformatics analysis, which lacks the verification of cell experiments. Finally, a direct mechanism
of NUP107 with antitumor immunity has not been demonstrated and may need to be elucidated in animal experiments.
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Conclusions

NUP107 is a sensitive diagnostic and prognostic factor for LUAD, and it has potential as a therapeutic target for LUAD.
In addition, NUP107 expression has connections with cell cycle, immune infiltration, and TP53 mutations, possibly
contributing to tumor progression by influencing these factors.
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