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[ Abstract]

profiles of genes related to lung adenocarcinoma (LUAD) , identify key genes and their interaction networks,

Objective Through data mining and bioinformatics analysis, to explore the expression

investigate their potential mechanisms in the development and progression of LUAD, and construct a LUAD
prediction model based on these key genes. Methods Obtained the LUAD-related gene dataset GSE227427
through the Gene Expression Omnibus (GEO) database. Using the "impute" package in R software,
differentially expressed genes were screened, and then imported into the STRING database to construct a
protein-protein interaction (PPI) network, which was further analyzed and refined in Cytoscape to identify key
targets. Enrichment analyses of Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genoms (KEGG)
pathways were conducted through the DAVID database, and the enrichment results were visualized using R
software. A LUAD prediction model was constructed based on the key genes using support vector machine
(SVM), and the performance of the model was evaluated through five-fold cross-validation. Results A total of
784 LUAD-related genes were screened, and a PPl network with 759 nodes and 31 955 edges was
constructed. Further screening identified 179 key targets, which were mainly involved in biological processes
such as cellular immunity, inflammatory response, and tumor necrosis factor regulation. A LUAD prediction
model based on SVM was constructed, with the Gaussian kernel function achieving an accuracy (ACC) of
96.98% and a specificity (SP) of 99.02%. The linear kernel, polynomial kernel, and sigmoid kernel all
provided high evaluations for this model, suggesting that it possesses great potential and value for clinical
application. Conclusions The present study successfully identified key genes and their interaction networks in
LUAD through systematic bioinformatics analysis, revealing the potential mechanisms of these genes in the
development and progression of LUAD. The LUAD prediction model constructed based on these key genes

demonstrated high classification performance, offering new avenues and potential targets for the diagnosis and
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treatment of LUAD.
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Figure 3 Results of GO enrichment analysis



%33

WAL, A T AW B D7 TR T R 3T B R R B B XS A R Ay 7

- 245 -

has 040602 s 5|~ 24 JH3 X~ 2 44 FH ELA
has 05162: %
has 04620: Tol FESZ A1 51

has 04061 95 7545 [ 5 41 a4
: S oszﬁﬁlﬁi%%gqﬁ H U
B O i

has 05417:JJg 5 15 sk AE AL
has 05164: Hi 37 Jak
has 05323: ¢ LM ST 4
has 05144: J29%
has 05152:li%5#%
has 051675 V5 IR FH SR8 90 151k e
has 05163: A 521 i 34 J
has 05169:%% P JJriH- [ /<9 15 e
has 04659: Th1 7411144k
has 05142:44 Y7
has 04640:3% IfiL 41 i 1
has 05161: ZJHJIT %
has 05166: A T4 I L5375 5 1 5k Y
has 05200 11475 451 4
has 04650: [ SR A 4N IS 1 40 L
0 10 20

Figure 4
&1 BB ITM

Table 1 Evaluation of prediction model performance

—_— PN BRI %

ACC SE sp MCC
&k 98.32 99.23 92.15 93.11
Z Wi 90. 11 84. 61 96. 58 83. 69
L 96. 98 95.77 99. 02 96. 28
sigmoid 96. 32 98. 09 93.13 97.35

8 9 TR P ), SR FH S g A 1) B A AR 6 U
Tk, VIS e 4l 2R 0 SR P A 1

4 it

AWFFEIE i 25 A i AR B i ik, i
TE 17915 LUAD S8 %5 A0 G 1y OCHE L A, I3 1o
TIRe s 450 B 7 T 30 L 5 R 7 200 it e 928 S 0T L 5%
i 5N B g I A0 R - 4 A DG s AR W R TP Y
WEME R . A BT 45 SR 5 S50 Bk, (AR 5%
i LUAD {93 FHLHR R AR TR M A
12 RSk T 988 12 8T IR YT RN TS PEAG R AL T 5 5t
PRSI . X R AR FEE T KT LUAD SR
FRML ] ALt A 58 AOORS HE TR YT TR RE T T i
"5

S 3k

(1] I3, waft . PGl AR TE P BT 2 W7 H ) L B

FDR
3.370 0x10~!

2.527 5x1072
== T 1.685 0x10~
8.4250x10
6.390 0x10-7

30 40 50

He P LAl
B4 KEGGCEENTER

Results of KEGG enrichment analysis

Mot e [1]. db st A Wy B 2 TRR L 2023, 42(6) @ 643~
647, 653.

Jiang LW, Nan Q. The application and research status of Raman
technology in the diagnosis of early lung cancer [J]. Beijing
Biomedical Engineering, 2023 ,42(6): 643-647, 653.

Filetti M, Lombardi P, Falcone R, et al. Comparing efficacy
and safety of upfront treatment strategies for anaplastic
lymphoma kinase-positive non-small cell lung cancer: a network
meta-analysis [ ] ]. Exploration of Targeted Anti-tumor Therapy,
2023, 4(6): 1136-1144.

Fujikawa R, Muraoka Y, Kashima J, et al. Clinicopathologic
and genotypic features of lung adenocarcinoma characterized by
the international association for the study of lung cancer
grading system [J]. Journal of Thoracic Oncology, 2022, 17
(5): 700-707.

Bertoglio P, Aprile V, Ventura L, et al. Impact of high—grade
palterns in early-stage lung adenocarcinoma: A multicentric
analysis[J]. Lung, 2022, 200(5) : 649-660.

Alharbi F, Vakanski A. Machine learning methods for cancer
A review [J].
Bioengineering (Basel, Switzerland), 2023, 10(2): 173-198.

Schettini F, Braso -Maristany F, Kuderer NM, et al. A

classification using gene expression data:

perspective on the development and lack of interchangeability of
the breast cancer intrinsic subtypes [J]. NPJ Breast Cancer,
2022, 8(1): 85-88.

Wang GL, Wang FF, Meng ZS, et al. Uncovering potential
genes in colorectal cancer based on integrated and DNA
methylation analysis in the gene expression omnibus database

[J]. BMC Cancer, 2022, 22(1): 138-150.



£ 246 -

YR TR

%45 &

[8]

[10]

[11]

[12]

[13]

[14]

Wen SD, Peng WW, Chen YZ, et al. Four differentially
expressed genes can predict prognosis and microenvironment
immune infiltration in lung cancer: a study based on data from
the GEO[J]. BMC Cancer, 2022, 22(1): 193-204.

WRLLLL, JEEH, AR . i S B A DA 97 126 e T A5 24 A A
FELI). A2k, 2019, 36(2): 22-27, 40.

Pan YH, Fan XM, Zhu P. Research on key gene and prediction
model associated with lung cancer [J]. Journal of Biology,
2019, 36(2): 22-27, 40.

Xu JY, Zhang C, Wang X, et al. Integrative proteomic
characterization of human lung adenocarcinoma [J]. Cell,
2020, 182(1): 245-261.

Ren J, Zhang H, Wang JN, et al. Transcriptome analysis of
adipocytokines  and  their-related LncRNAs in  lung
adenocarcinoma revealing the association with prognosis,
immune infiltration, and metabolic characteristics [J].
Adipocyte, 2022, 11(1): 250-265.

Kondoh N, Mizuno-Kamiya M. The role of immune modulatory
cytokines in the tumor microenvironments of head and neck
squamous cell carcinomas|[]J]. Cancers, 2022, 14(12): 2884—
2901.

Martinez—Sabadell A, Arenas EJ, Arribas J. IFNy signaling in
natural and therapy-induced antitumor responses [J]. Clinical
Cancer Research, 2022, 28(7): 1243-1249.

Zhang CQ, Zhang GC, Sun N, et al. Comprehensive molecular
analyses of a TNF family-based signature with regard to
features,  and  biomarkers  for

prognosis, immune

(B4 2287)

[16]

[17]

(18]

[19]

[20]

Isensee F, Jaeger PF, Kohl SA-A, et al. nnU-Net: a self-
configuring method for deep learning-based biomedical image
segmentation[ J . Nature Methods, 2020, 18(2): 203-211.

He KY, Peng B, Yu WB, et al. A novel Mis-Seg-Focus loss
function based on a two-stage nnU-Net framework for accurate
brain tissue segmentation [J]. Bioengineering, 2024, 11
(5): 427.

Marcos F, Bruno S, Sandro Q, et al. Exploring optical flow
inclusion into nnU-Net framework for surgical instrument
segmentation [ C]//Life and Health Sciences Research Institute
(Portugal) ; IPCA (Portugal) ; KARL STORZ SE Co. KG
(Germany) ,2024: 1292827.

Lunardo F, Baker L, Tan A, et al. How much data do you
need? An analysis of pelvic multi-organ segmentation in a
limited data context [J]. Physical and Engineering Sciences in
Medicine, 2025, 48(1): 409-419.

Zhang X, Liu X, Wang ZY. DRA U-Net: An attention based U-

Net framework for 2D medical image segmentation [C ]/

[18]

[21]

[22]

immunotherapy in lung adenocarcinoma [J]. EBioMedicine,
2020, 59: 102959.

Felcher CM, Bogni ES, Kordon EC. IL-6 cytokine family: A
putative target for breast cancer prevention and treatment [J].
International Journal of Molecular Sciences, 2022, 23 (3) :
1809-1823.

Liu CM, Yang L., Xu HY, et al. Systematic analysis of 1L-6 as a
predictive biomarker and desensitizer of immunotherapy
responses in patients with non-small cell lung cancer[J]. BMC
Medicine, 2022, 20(1): 187-201.

Islas-Vazquez L, Aguilar-Cazares D, Galicia-Velasco M, et al.
IL-6, NLR, and SII markers and their relation with alterations
in CD8" T-lymphocyte subpopulations in patients treated for
lung adenocarcinomal J ]. Biology, 2020, 9(11): 376-391.

Hu LT, Deng WJ, Chu ZS, et al. Comprehensive analysis of
CXCR family members in lung adenocarcinoma with prognostic
values[ ] ]. BMC Pulmonary Medicine, 2022, 22(1): 259-269.
Wang H, Wang Y, Luo W, et al. Integrative stemness
characteristics associated with prognosis and the immune
microenvironment in lung adenocarcinomal[J]. BMC Pulmonary
Medicine, 2022, 22(1): 463-473.

Ortega MA, Boaru DL, De Leon-Oliva D, et al. PD-1/PD-L1
axis: Implications in immune regulation, cancer progression,
of Molecular

and translational applications [J]. Journal

Medicine (Berlin, Germany) , 2024, 102(8): 987-1000.

=3

(2024-07-25 Wi, 2024-09-04 1& 1] )

Proceedings of the 2021 IEEE International Conference on Big
Data (Big Data). Los Angeles: IEEE, 2021: 3936-3942.
Chen Y, Wu Y, Wu JH, et al. Redefining contextual and

boundary a boundary-guided fusion network for

synergy :
medical image segmentation [J]. Electronics, 2024, 13 (24) :
4986-4986.

Evgin G. Medical image data augmentation: techniques,
comparisons and interpretations [J]. Artificial
Review,2023,56(11):41-45.

Chen J, Chen R, Wang W, et al. TinyU-Net: Lighter yet better

U-Net with Cascaded Multi-receptive fields[C]//Linguraru MG,

Intelligence

Dou Q, Feragen A, et al, eds. Medical image computing and
computer assisted intervention-MICCAI 2024. Cham: Springer,
2024 : 626-635.

Liu XY, Qu LH, Xie ZY, et al. Towards more precise automatic
analysis: a systematic review of deep learning-based multi-
organ segmentation [ ] ]. BioMedical Engineering OnLine, 2024,
23(1):52-52.

(2025-12-22 IcfR ,2026-02-25 & 1)



