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[ Abstract | Background and purpose: Lung adenocarcinoma has the characteristics of difficult early detection, rapid
tumor progression and low surgical resection rate. Although studies on immunotherapy alone and immunotherapy combined
with chemotherapy have shown initial success in improving prognosis and overcoming drug resistance, the majority of lung

adenocarcinoma patients still receive limited benefits. Therefore, there is an urgent need to identify novel biomarkers with relatively
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high sensitivity and specificity to improve the prognosis of lung adenocarcinoma. Cell division cycle protein 20 (CDC20) is involved
in the occurrence and development of various tumors, but its biological role and mechanism in lung adenocarcinoma remain unclear.
The aim of this study was to investigate the expression of CDC20 in lung adenocarcinoma and its predictive value for the prognosis
of patients with lung adenocarcinoma, and to further explore the effects of CDC20 on the proliferation and invasion capabilities
of lung adenocarcinoma cells. Methods: Utilizing immunohistochemistry (IHC) to detect the expression of CDC20 in lung
adenocarcinoma tissues, we analyzed its correlation with poor prognosis in combination with bioinformatics and clinicopathological
parameters. Kaplan-Meier survival curves were employed to illustrate the impact of CDC20 on postoperative survival rates in lung
adenocarcinoma patients. COX multivariate regression analysis was conducted to identify independent prognostic factors influencing
postoperative survival rates. Additionally, receiver operating characteristic (ROC) curves were applied to assess the diagnostic value
of CDC20 expression in lung adenocarcinoma patients. Real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR)
and Western blot were used to measure the expression levels of CDC20 in normal human lung epithelial cells (BEAS-2B) and human
lung adenocarcinoma cells (A549 and H1299). In cellular experiments, CDC20 was knocked down in lung adenocarcinoma cells,
which were divided into three groups: si-NC (control group), si-CDC20#1 (knockdown group 1) and si-CDC20#2 (knockdown group
2). Cell counting kit-8 (CCK-8), colony formation, transwell and wound healing assays were conducted to assess cell proliferation,
migration and invasion capabilities. Functional enrichment analysis using Geng Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways was conducted to explore the biological roles of CDC20 in lung adenocarcinoma. Finally, gene
set enrichment analysis (GSEA) was employed to investigate potential regulatory pathways of CDC20 in lung adenocarcinoma.
This study was approved by the Ethics Committee of Hebei Chest Hospital (Number: 2022051). Results: The results of both
bioinformatics analysis and IHC demonstrated a significantly high expression of CDC20 in lung adenocarcinoma tissues (P
<<0.05). Both bioinformatics analysis and clinical parameter evaluation revealed a correlation between high CDC20 expression and
poor patient prognosis. Kaplan-Meier survival analysis and COX regression analysis consistently indicated a significant negative
correlation between CDC20 expression and postoperative survival rates in patients (P<<0.05). Additionally, the expression levels of
CDC20 were higher in human lung adenocarcinoma cell lines A549 and H1299 compared with BEAS-2B (P<<0.05). Knockdown
of CDC20 effectively inhibited the proliferation, migration and invasion of lung adenocarcinoma cells (P<<0.05). The results of GO,
KEGG pathways and GSEA consistently pointed to a relationship between CDC20 and cell cycle regulation. Conclusion: CDC20
is highly expressed in lung adenocarcinoma. High expression of CDC20 is an independent risk factor for poor prognosis of lung
adenocarcinoma patient. CDC20 can promote the proliferation, migration and invasion of lung adenocarcinoma cells.

[ Key words | Cell division cycle protein 20; Adenocarcinoma of the lung; Cell proliferation; Cell cycle; Cell movement
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Fig. 1 CDC20 is highly expressed in multiple tumor types

A: Differential expression of CDC20 in pan-cancer samples from the TCGA database; B: CDC20 expression in lung adenocarcinoma and matched
normal tissues in the TCGA databases; C-G: The CDC20 mRNA expression between lung adenocarcinoma and normal tissues based on data from
GSE115002 (C), GSE31210 (D), GSE68571 (E), GSE116959(F) and GSE116959(G) dataset. **: P<<0.01, compared with normal. ***: P<<0.001,

compared with normal.
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Fig.2 Association of CDC20 expression levels with clinicopathological features

A: Pathological stage; B: T stage; C: N stage; D: M stage; E: Age; F: Gender. ***: P<<(0.01; ***: P<{0.001.
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Tab.1 Relationship between expression of CDC20 and clinicopathological features in lung adenocarcinoma

[n(%)]

CDC20 expression

Categories 2 value P value
High expression (n=63) Low expression (n=55)
Age/year 0.034 0.854
<60 32(27.1) 27 (22.9)
=60 31(26.3) 28 (23.7)
Gender 0.025 0.873
Male 33(28) 28 (23.7)
Female 30(25.4) 27(22.9)
Clinical stage 10.926 < 0.001
I-n 32(27.1) 44 (37.3)
m-1v 31(26.3) 11(9.3)
T classification 9.721 0.002
T1-T2 36 (30.5) 46 (39)
T3-T4 27(22.9) 9(7.6)
N classification 8.224 0.004
No 14 (11.9) 26 (22)
Yes 49 (41.5) 29 (24.6)
M classification 2.329 0.127
No 56 (47.5) 53 (44.9)
Yes 7(5.9) 2(1.7)
Degree of differentiation 21.32 < 0.001
Medium/low 35(29.7) 8(6.8)
High 28 (23.7) 47 (39.8)
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Fig.3 Prognostic value of CDC20 expression in lung adenocarcinoma

A, B: Survival curve; C: ROC diagnostic curve; D: Forest map of OS based on COX multivariate regression analysis; E: OS based nomograms and

calibration curves; F: The calibration curve of nomogram.
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Fig. 4 Correlation between CDC20 expression and prognosis in lung adenocarcinoma

A: THC for detecting CDC20 expression in lung adenocarcinoma tissue and Normal lung tissue; B, C: Statistical analysis of tissue IHC scores; D:
Kaplan-Meier analysis of CDC20 expression and OS based on lung adenocarcinoma tissue. ***: P<<0.001, compared with normal.

xR2

Iifs R o 28 S A AE 5 i AR OS 2R ICOX B 3 43 4

Tab.2 COX regression analysis of clinicopathological features and OS rate in lung adenocarcinoma

Univariate analysis

Multivariate analysis

Characteristic

Hazard ratio (95% CI) P value HR (95% CI) P value
Age/year 1.148 (0.723-1.824) 0.558
Gender 0.853 (0.535-1.362) 0.506
Clinical stage 0.167 (0.102-0.275) < 0.001 0.383 (0.226-0.651) <<0.001
T classification 4.217 (2.567-6.928) < 0.001 1.428 (0.860-2.373) 0.169
N classification 0.198 (0.112-0.351) < 0.001 0.347 (0.191-0.627) <0.001
M classification 80.72 (19.01-342.72) < 0.001 32.50 (7.70-137.23) <0.001
Degree of differentiation 0.491 (0.305-0.792) 0.004 0.801 (0.483-1.328) 0.389
CDC20 expression 0.246 (0.144-0.419) < 0.001 0.249 (0.141-0.440) <0.001
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Fig.5 Expression levels of CDC20 mRNA and protein in lung adenocarcinoma cells in different groups

A: Expression levels of CDC20 mRNA and protein in BEAS-2B, A549 and H1299 cells; B: Relative expression levels of CDC20 mRNA and protein
in A549 cells with CDC20 knockdown; C: Relative expression levels of CDC20 mRNA and protein in H1299 cells with CDC20 knockdown. ***:

P <<0.001, compared with BEAS-2B or siNC.
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Fig. 6 Effect of CDC20 silencing on the proliferation ability of A549 and H1299 cells

A, B: Colony formation assay showed that knockdown of CDC20 inhibited the proliferation of A549 and H1299 cells; C, D: CCK-8 assay showed
that knockdown of CDC20 inhibited the proliferation of A549 and H1299 cells. *: P<<0.05, compared with siNC; **: P<<(0.01, compared with siNC;

**%: P<<0.001, compared with siNC.



470 BSEfR, & CC207EAREARPHRIALNMIREAIRISEIIRRNFIHR

>
oe}

siCDC20#1  siCDC20#2 siNC siCDC20#1  siCDC20#2
1.0 : b 7o

B | 0h
5 =
s 2
3 = /
< T|48h
C D
siNC siCDC20#1  siCDC20#2 siNC siCDC20#1  siCDC20#2

) 2

E 3

2 2

< T

E7 inEKCDC20xA549F1H129940 ki 7% F12 6k 1 HI 54 M
Fig. 7 Effect of CDC20 silencing on the migration and invasion of A549 and H1299 cells

A, B: Effect of CDC20 silencing on the migration ability of A549 and H1299 cells; C, D: Effect of CDC20 silencing on the invasion of A549 and
H1299 cells. **: P<<0.01, compared with siNC; ***: P<<0.001, compared with siNC.
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Fig. 8 Results of DEG and functional enrichment analysis

A: Volcano plot of DEG (red: upregulation; blue: downregulation); B: Heatmap of the correlation between CDC20 expression and the top 5 DEG;
C: Results of GSEA enrichment analysis of DEG; D: KEGG pathway analysis; E: GO functional annotation analysis of biological process (BP),
cellular component (CC) and molecular function (MF).
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