
Table Ⅰ. GO and KEGG pathway enrichment analysis of DEGs in NSCLC samples.
Term Pathway Description pvalue Count in

gene set

Downregulated
GO:0030198 Extracellular matrix organization 9.08e-08 12

GO:0043062 extracellular structure organization 3.96e-07 12

GO:0000280 nuclear division 2.06e-06 11

GO:0140014 mitotic nuclear division 2.88e-06 9

GO:0048285 organelle fission 5.27e-06 11

GO:0000793 condensed chromosome 7.48e-07 9

GO:0030496 midbody 1.33e-05 7

GO:0000779 condensed chromosome, centromeric region 1.57e-05 6

GO:0098687 chromosomal region 2.82e-05 9

GO:0000794 condensed nuclear chromosome 8.57e-05 5

GO:0035173 histone kinase activity 9.26e-07 4

GO:0004222 metalloendopeptidase activity 1.09e-04 5

GO:0030020
extracellular matrix structural constituent conferring

tensile strength
8.69e-04 3

GO:0008237 metallopeptidase activity 0.001 5

hsa04115 p53 signaling pathway 8.85e-04 4

Upregulated

GO:0031589 cell-substrate adhesion 3.11e-13 34

GO:0034329 cell junction assembly 4.04e-13 28

GO:0034330 cell junction organization 6.79e-12 29

GO:0003018 vascular process in circulatory system 2.33e-11 22

GO:0001667 ameboidal-type cell migration 2.68e-11 36

GO:0005911 cell-cell junction 2.24e-11 36



GO:0032432 actin filament bundle 5.17e-11 15

GO:0001725 stress fiber 1.23e-10 14

GO:0097517 contractile actin filament bundle 1.23e-10 14

GO:0044449 contractile fiber part 4.65e-10 23

GO:0003779 actin binding 1.49e-08 31

GO:0001540 amyloid-beta binding 1.93e-08 13

GO:0005201 extracellular matrix structural constituent 1.76e-07 17

GO:0042277 peptide binding 2.75e-07 23

GO:0033218 amide binding 6.00e-07 25

hsa04514 Cell adhesion molecules 2.35e-05 14

hsa04670 Leukocyte transendothelial migration 2.95e-05 12

hsa04270 Vascular smooth muscle contraction 3.57e-05 13

hsa04610 Complement and coagulation cascades 5.31e-05 10

hsa04360 Axon guidance 1.97e-04 14

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes;

NSCLC, non-small cell lung cancer.



Table Ⅱ. GO and KEGG pathway enrichment analysis of DEGs in the most significant modul

ID Description pvalue Count in gene set

GO:0000280 nuclear division 2.12e-13 9

GO:0048285 organelle fission 5.13e-13 9

GO:0140014 mitotic nuclear division 6.78e-13 8

GO:0000075 cell cycle checkpoint 1.95e-09 6

GO:0016572 histone phosphorylation 7.14e-09 4

GO:0000793 condensed chromosome 1.12e-13 8

GO:0098687 chromosomal region 3.76e-10 7

GO:0000779
condensed chromosome,

centromeric region
5.40e-09 5

GO:0030496 midbody 3.70e-08 5

GO:0000775
chromosome, centromeric

region
6.39e-08 5

GO:0035173 histone kinase activity 2.87e-10 4

GO:0004674
protein serine/threonine

kinase activity
0.003 3

GO:0008022 protein C-terminus binding 0.007 2

GO:0008199 ferric iron binding 0.007 1

GO:0016725
oxidoreductase activity, acting

on CH or CH2 groups
0.009 1

hsa04115 p53 signaling pathway 2.11e-07 4

hsa04914
Progesterone-mediated

oocyte maturation
6.22e-05 4

hsa04110 Cell cycle 1.18e-04 4

hsa04114 Oocyte meiosis 1.33e-04 4

hsa04218 Cellular senescence 2.34e-04 4

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially

expressed genes; FDR, false discovery rate.



Table Ⅲ. Functional roles of 16 hub genes with degree ≥10.

NO. Gene symbol Full name Function

1 CDK1 Cyclin-dependent kinase 1 Plays a key role in the control of the eukaryotic cell

cycle by modulating the centrosome cycle as well as

mitotic onset; promotes G2-M transition, and

regulates G1 progress and G1-S transition via

association with multiple interphase cyclins.

Required in higher cells for entry into S-phase and

mitosis.

2 CCNB1 G2/mitotic-specific cyclin-B1 Essential for the control of the cell cycle at the G2/M

(mitosis) transition; Belongs to the cyclin family.

Cyclin AB subfamily ZC3HC1 - Nuclear-interacting

partner of ALK; Essential component of a SCF-type

E3 ligase complex, SCF(NIPA), a complex that

controls mitotic entry by mediating ubiquitination

and subsequent degradation of cyclin B1 (CCNB1).

Its cell-cycle-dependent phosphorylation regulates

the assembly of the SCF(NIPA) complex, restricting

CCNB1 ubiquitination activity to interphase. Its

inactivation results in nuclear accumulation of

CCNB1 in interphase and premature mitotic entry.

May have an antiapoptotic role in

NPM-ALK-mediated signaling events

3 TOP2A DNA topoisomerase 2-alpha Control of topological states of DNA by transient

breakage and subsequent rejoining of DNA strands.

Topoisomerase II makes double-strand breaks.

Essential during mitosis and meiosis for proper

segregation of daughter chromosomes. May play a

role in regulating the period length of

ARNTL/BMAL1 transcriptional oscillation (By

similarity)

4 PRM2 Ribonucleoside-diphosphate

reductase subunit M2

Provides the precursors necessary for DNA

synthesis. Catalyzes the biosynthesis of

deoxyribonucleotides from the corresponding

ribonucleotides. Inhibits Wnt signaling; Belongs to

the ribonucleoside diphosphate reductase small chain

family.

5 CHEK1 Serine/threonine-protein kinase

Chk1

Serine/threonine-protein kinase which is required for

checkpoint-mediated cell cycle arrest and activation

of DNA repair in response to the presence of DNA

damage or unreplicated DNA. May also negatively

regulate cell cycle progression during unperturbed

cell cycles. This regulation is achieved by a number



of mechanisms that together help to preserve the

integrity of the genome.

6 AURKA Aurora kinase A Mitotic serine/threonine kinase that contributes to

the regulation of cell cycle progression. Associates

with the centrosome and the spindle microtubules

during mitosis and plays a critical role in various

mitotic events including the establishment of mitotic

spindle, centrosome duplication, centrosome

separation as well as maturation, chromosomal

alignment, spindle assembly checkpoint, and

cytokinesis. Required for initial activation of CDK1

at centrosomes.

7 ZWINT ZW10 interactor Part of the MIS12 complex, which is required for

kinetochore formation and spindle checkpoint

activity. Required to target ZW10 to the kinetochore

at prometaphase

8 NUF2 Kinetochore protein Nuf2 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

microtubules.

9 MKI67 Proliferation marker protein

Ki-67

Required to maintain individual mitotic

chromosomes dispersed in the cytoplasm following

nuclear envelope disassembly. Associates with the

surface of the mitotic chromosome, the

perichromosomal layer, and covers a substantial

fraction of the chromosome surface. Prevents

chromosomes from collapsing into a single

chromatin mass by forming a steric and electrostatic

charge barrier: the protein has a high net electrical

charge and acts as a surfactant, dispersing

chromosomes and enabling independent

chromosome motility.

10 BIRC5 Baculoviral IAP repeat

containing 5

This gene is a member of the Human CCDS set

11 CEP55 Centrosomal protein of 55 kDa Plays a role in mitotic exit and cytokinesis. Recruits

PDCD6IP and TSG101 to midbody during

cytokinesis. Required for successful completion of

cytokinesis. Not required for microtubule nucleation.



Plays a role in the development of the brain and

kidney

12 ANLN Anillin Required for cytokinesis. Essential for the structural

integrity of the cleavage furrow and for completion

of cleavage furrow ingression. Plays a role in bleb

assembly during metaphase and anaphase of mitosis.

May play a significant role in podocyte cell

migration; Pleckstrin homology domain containing

Table 4 Correlation analysis between NUF2 and immune cell-related genes and
markers in TIMER

Description
Gne markers

LUAD LUSC
R P R P

CD8+T cell
CD8A 0.16 *** 0.018 0.689

CD8B 0.200 *** 0.078 0.081
T cell（general）

CD3D 0.026 0.554 -0.065 0.144

CD3E -0.063
0.148

-0.140 ***

CD2 -0.046 0.290 -0.080 0.075
B cell

CD19 -0.024 0.584 -0.180 ***

CD79A -0.040 0.360 -0.240 ***
Monocyte

CD86 0.024 0.573 -0.230 ***

CSF1R -0.17 *** -0.350 ***
TAM

CCL2 -0.016 0.712 -0.150 **

CD68 -0.077 0.074 -0.270 ***
M1Macrophage

NOS2 -0.000 0.998 0.048
0.284

IRF5 -0.025 0.56 0.004 0.930

PTGS2 0.047 0.28 -0.230 ***



M2Macrophage
CD163 0.003 0.954 -0.290 ***

VSIG4 -0.059 0.176
-0.23

***

MS4A4A -0.058 0.181 -0.220 ***
Neutrophils

CEACAM8 -0.420 *** -0.170 ***

ITGAM -0.058 ***
-0.32

***

CCR7 -0.220 *** -0.210 ***
Natural killer cell

KIR2DL1 0.100 *
-0.042 0.349

KIR2DL3 0.150 ***
-0.007 0.88

KIR2DL4 0.41 ***
0.017

0.712

KIR3DL1 0.1 *
-0.08 0.072

KIR3DL2 0.120 ** 0.010 0.821

KIR3DL3 0.240 *** 0.034
0.441

KIR2DS4 0.1 * -0.053 0.239
Dendritic cell

HLA-DPB1 -0.390 *** -0.280 ***

HLA-DQB1 -0.350 *** -0.220 ***

HLA-DRA -0.300 ***
-0.21

***

HLA-DPA1 -0.330 ***
-0.24

***

BDCA-1(CD1C) -0.510 *** -0.310 ***

BDCA-4(NRP1) -0.098 *
-0.38

***

CD11c (ITGAX -0.061 0.162 -0.270 ***
Th1

T-bet (TBX21) -0.010 0.812
-0.083

0.064

STAT4 -0.056 0.2 -0.270 ***



STAT1 0.340 *** 0.038 0.398

IFN-γ (IFNG) 0.310 *** 0.140
**

TNF-α (TNF) -0.060 0.165 -0.220 ***
Th2

GATA3 -0.032
0.46

-0.280 ***

STAT6 -0.360 *** -0.130 **

STAT5A -0.180 *** -0.250 ***

IL13 -0.029 0.507 -0.007
0.87

Tfh
BCL6 -0.160 *** -0.027 0.544

IL21 0.190 *** 0.003 0.954
Th17

STAT3 -0.21 *** -0.200 ***

IL17A 0.120 ** 0.069
0.124

Treg
FOXP3 0.009 0.836 -0.190 ***

CCR8 0.011 0.807
-0.2

***

STAT5B -0.12 ** 0.110
*

TGFβ (TGFB1) -0.260 *** -0.430 ***
T cell exhaustion

PD-1 (PDCD1) 0.150 *** -0.087 0.051

CTLA4 0.11 ** -0.072 0.109

LAG3 0.230 *** 0.023 0.601

TIM-3 (HAVCR2) 0.015 0.723 -0.180 ***

GZMB 0.430 *** 0.032 0.480
0≤***＜0.001≤**＜0.01≤*＜0.05


