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Figure S1. Pan-cancer diagnostic performance of TOP2A mRNA expression. ROC curves evaluating the
discriminatory capacity of TOP2A for distinguishing tumor from normal tissues across pan-cancer, with AUC
values and 95% CI indicated.
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Figure S2. Prognostic value of TOP2A across four clinical survival endpoints in representative cancers.
Kaplan-Meier survival curves comparing overall survival (OS), disease-specific survival (DSS), disease-free
interval (DFI), and progression-free interval (PFI) between TOP2A-high and TOP2A-low subgroups in
representative cancer types. 
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Figure S3. Forest plots of multivariable Cox regression for OS, DSS, DFI, and PFI.
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Figure S4. Cut-off sensitivity analysis comparing optimal cutpoint and median dichotomization
for each survival endpoint.
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Figure S5. External multi-cohort validation confirms the robust pan-cancer prognostic value of TOP2A.
(A) Forest plot visualizes pooled hazard ratios (HR) and 95% confidence intervals (CI) for the association
between high TOP2A expression and four clinical survival endpoints (OS, DFS, RFS, PFS) across 59 independent
GEO validation cohorts. (B) Kaplan-Meier survival curves for OS in representative cancer types that exhibited
statistically significant prognostic associations in panel A.
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Figure S6. Pan-cancer association between TOP2A and genomic instability metrics. (A) Mutation analysis of
TOP2A and several classical carcinogenic signaling pathways in pan-cancer. (B-H) Correlation between TOP2A
expression and extended genomic instability metrics: (B) silent mutation rate, (C) MSI score, (D) LOH score,
(E) tumor ploidy, (F) tumor purity, (G) nonsilent mutation rate, (H) SNV neoantigen count.
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Figure S7. Association between TOP2A expression, epitranscriptomic regulation, and tumor stemness across
pan-cancer. (A) Heatmap showing the Spearman correlation between TOP2A mRNA expression and core RNA
epitranscriptomic modification regulators (m¹A, m⁵C, m⁶A) across pan-cancer. (B-E) Bar plots showing the
Spearman correlation between TOP2A mRNA expression and DNA methylation-based stemness indices: (B) DNAss,
(C) EREG-METHss, (D) DMPss, (E) ENHss. (F-G) Scatter plots showing the Spearman correlation between TOP2A
mRNA expression and RNA-based stemness indices: (F) RNAss, (G) EREG.EXPss. * p < 0.05, ** p < 0.01, *** p < 0.001.



TOP1

TOP2A

CDC20

MKI67

CCNA2

CDK1

NUSAP1

BUB1

BUB1B

CCNB1

ASPM

ca
ta

ly
tic

 a
ct

iv
ity

, a
ct

in
g 

on
 D

N
A

cy
cl

in
−d

ep
en

de
nt

 p
ro

te
in

 se
rin

e/
th

re
on

in
e 

ki
na

se
 re

gu
la

to
r a

ct
iv

ity

pr
ot

ei
n 

se
rin

e 
ki

na
se

 a
ct

iv
ity

hi
st

on
e 

ki
na

se
 a

ct
iv

ity
AT

P 
hy

dr
ol

ys
is

 a
ct

iv
ity

pl
us

−e
nd

−d
ire

ct
ed

 m
ic

ro
tu

bu
le

 m
ot

or
 a

ct
iv

ity
cy

to
sk

el
et

al
 m

ot
or

 a
ct

iv
ity

m
ic

ro
tu

bu
le

 m
ot

or
 a

ct
iv

ity
tu

bu
lin

 b
in

di
ng

m
ic

ro
tu

bu
le

 b
in

di
ng

sp
in

dl
e 

po
le

m
id

bo
dy

m
ic

ro
tu

bu
le

m
ito

tic
 sp

in
dl

e
co

nd
en

se
d 

ch
ro

m
os

om
e

ki
ne

to
ch

or
e

co
nd

en
se

d 
ch

ro
m

os
om

e,
 c

en
tro

m
er

ic
 re

gi
on

ch
ro

m
os

om
e,

 c
en

tro
m

er
ic

 re
gi

on
ch

ro
m

os
om

al
 re

gi
on

sp
in

dl
e

m
ito

tic
 c

el
l c

yc
le

 p
ha

se
 tr

an
si

tio
n

sp
in

dl
e 

or
ga

ni
za

tio
n

m
ic

ro
tu

bu
le

 c
yt

os
ke

le
to

n 
or

ga
ni

za
tio

n
in

vo
lv

ed
 in

 m
ito

si
s

nu
cl

ea
r c

hr
om

os
om

e 
se

gr
eg

at
io

n
m

ito
tic

 si
st

er
 c

hr
om

at
id

 se
gr

eg
at

io
n

si
st

er
 c

hr
om

at
id

 se
gr

eg
at

io
n

m
ito

tic
 n

uc
le

ar
 d

iv
is

io
n

or
ga

ne
lle

 fi
ss

io
n

ch
ro

m
os

om
e 

se
gr

eg
at

io
n

nu
cl

ea
r d

iv
is

io
n 0

20
40

60
En

ric
hm

en
t S

co
reB

P

C
C

M
F

G
O

 R
es

ul
ts

 o
f T

hr
ee

 O
nt

ol
og

ie
sA B

C

ko04110
ko04218
ko04114
ko04115
ko04510
ko04145
ko02010
ko04020
ko04024
ko04151
ko04514
ko04060
ko04080
ko04061
ko04512
ko03410
ko03030
ko03460
ko03440
ko03430
ko05206
ko05202
ko05203
ko05212
ko05222
ko05414
ko05416
ko04940
ko05330
ko05310
ko05320
ko05332
ko05321
ko05323
ko05322
ko05134
ko05133
ko05150
ko05152
ko05140
ko05144
ko05145
ko05169
ko05165
ko00340
ko00360
ko00350
ko00590
ko00140
ko00830
ko00982
ko00980
ko04261
ko04260
ko04270
ko04380
ko04976
ko04978
ko04972
ko04970
ko04974
ko04925
ko04911
ko03320
ko04923
ko04918
ko04914
ko04713
ko04960
ko04964
ko04612
ko04662
ko04610
ko04640
ko04672
ko04658
ko04659

Pathway

39.25
5.35
6.2
5.87
3.73
8.1

2.24
2.12
5.07
3.53
5.82
5.21

2.12
3.41

8.79
2.77

11.65
10.66

7.39
2.73
2.96
2.53
3.24
2.45
4.74

2.72
5.4
6.68
6.51
7.71

4.75
5.71

3.78
5.37
4.16

2.16
3.58

16.11
4.74
7.39

5.92
2.05
2.41
2.72
4.52
3.59
5.05
4
3.2
3.08
3.9
2.99
5.63

3.6
3.7

2.16
3.43
3.53
2.68
3.57
6.08

3.52
2.2
2.65
3.07
2.7
3.87
2.62
3.4
3.47
3.89
2.89

11.92
11.26

5.92
2.34
2.99

0 10 20 30 40

−log10(pvalue)

57
20
20

14
20

−31
−8

−26
−32

29
−27

−39
−35

−16
19

7
15
17

12
5

25
17
19

9
14

−15
−16
−14
−13
−13
−13
−13
−13

−19
−22

−9
−14

−34
−27
−20
−14
−14

−23
25

−8
−6

−11
−13
−12
−12
−14
−13

−26
−15

−20
−17
−15
−12
−15
−16

17
−16
−12
−12
−11
−12

14
−14
−9
−7

−15
−14

−27
−28

−14
−13
−16

−40 −20 0 20 40 60

Enriched

158
157
139
75

203
−159

−45
−254
−226

362
−160

−298
−370

−100
89

44
36
55
41

23
320

201
205

77
93

−105
−70
−44
−39
−32
−54
−45
−66

−95
−144

−56
−78
−102

−182
−79
−50

−112
−205

333
−22
−16
−37
−63
−66
−68
−73
−79

−154
−87

−134
−143
−90
−61

−106
−97

105
−98
−86
−76
−59
−75

111
−97

−38
−23

−82
−91
−88
−100
−50

−93
−109

−400 −200 0 200

Detected

 Cell cycle
 Cellular senescence
 Oocyte meiosis
 p53 signaling pathway
 Focal adhesion
 Phagosome
 ABC transporters
 Calcium signaling pathway
 cAMP signaling pathway
 PI3K−Akt signaling pathway
 Cell adhesion molecules
 Cytokine−cytokine receptor interaction
 Neuroactive ligand−receptor interaction
 Viral protein interaction with cytokine
 ECM−receptor interaction
 Base excision repair
 DNA replication
 Fanconi anemia pathway
 Homologous recombination
 Mismatch repair
 MicroRNAs in cancer
 Transcriptional misregulation in cancer
 Viral carcinogenesis
 Pancreatic cancer
 Small cell lung cancer
 Dilated cardiomyopathy
 Viral myocarditis
 Type I diabetes mellitus
 Allograft rejection
 Asthma
 Autoimmune thyroid disease
 Graft−versus−host disease
 Inflammatory bowel disease
 Rheumatoid arthritis
 Systemic lupus erythematosus
 Legionellosis
 Pertussis
 Staphylococcus aureus infection
 Tuberculosis
 Leishmaniasis
 Malaria
 Toxoplasmosis
 Epstein−Barr virus infection
 Human papillomavirus infection
 Histidine metabolism
 Phenylalanine metabolism
 Tyrosine metabolism
 Arachidonic acid metabolism
 Steroid hormone biosynthesis
 Retinol metabolism
 Drug metabolism − cytochrome P450
 Metabolism of xenobiotics by cytochrome P450
 Adrenergic signaling in cardiomyocytes
 Cardiac muscle contraction
 Vascular smooth muscle contraction
 Osteoclast differentiation
 Bile secretion
 Mineral absorption
 Pancreatic secretion
 Salivary secretion
 Protein digestion and absorption
 Aldosterone synthesis and secretion
 Insulin secretion
 PPAR signaling pathway
 Regulation of lipolysis in adipocytes
 Thyroid hormone synthesis
 Progesterone−mediated oocyte maturation
 Circadian entrainment
 Aldosterone−regulated sodium reabsorption
 Proximal tubule bicarbonate reclamation
 Antigen processing and presentation
 B cell receptor signaling pathway
 Complement and coagulation cascades
 Hematopoietic cell lineage
 Intestinal immune network for IgA production
 Th1 and Th2 cell differentiation
 Th17 cell differentiation

Level 3 of KEGG
functional Category

Cell growth and death

Cellular community
eukaryotes
Transport and catabolism
Membrane transport

Signal transduction

Signaling molecules
and interaction

Replication and repair

Cancer: overview

Cancer: specific types

Cardiovascular disease
Endocrine and metabolic disease

Immune disease

Infectious disease: bacterial

Infectious disease: parasitic

Infectious disease: viral

Amino acid metabolism

Lipid metabolism
Metabolism of
cofactors and vitamins
Xenobiotics biodegradation
and metabolism

Circulatory system

Development and regeneration

Digestive system

Endocrine system

Environmental adaptation
Excretory system

Immune system

Level 2 of KEGG
functional Category

Cellular Processes

Environmental
Information Processing

Genetic
Information Processing

Human Diseases

Metabolism

Organismal Systems

Level 1 of KEGG
functional Category

Figure S8. PPI network and functional enrichment of TOP2A co-expressed genes. (A) Experimentally validated
TOP2A PPI network (STRING database, confidence score > 0.7). (B) Bar plot showing the top enriched Gene Ontology
(GO) biological process terms for the top 100 TOP2A co-expressed genes, with adjusted p values indicated. (C) GSEA
of KEGG pathways in TOP2A-high vs. TOP2A-low groups, with normalized enrichment score (NES) and false discovery
rate (FDR) indicated. FDR < 0.05 was considered statistically significant for enrichment analyses.
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Figure S9. Protein-level validation and tumor cell dependency of TOP2A. (A) Heatmap showing the Spearman
correlation between TOP2A protein expression and core proliferation/DNA repair pathway proteins from the TCPA
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the Cancer Dependency Map (DepMap) portal. Scores < -1 indicate stronger tumor cell dependency on TOP2A for growth.
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Figure S10. Pan-cancer correlation between TOP2A and 68 immune-related signatures. Heatmap displays Spearman correlation
coefficients between TOP2A mRNA expression and immune response pathways, cytolytic activity, inflammatory response, and immune
cell infiltration signatures across 33 cancer types. Significance indicators reflect FDR-adjusted P values; *FDR < 0.05, **FDR < 0.01,
***FDR < 0.001. 
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Figure S11. Pan-cancer correlation between TOP2A expression and 150 core immunomodulatory genes. Heatmap displays Spearman correlation
coefficients between TOP2A mRNA expression and immunomodulatory genes classified into five functional categories: chemokines, chemokine
receptors, MHC molecules, immunosuppressive factors, and immunostimulatory factors. Significance indicators reflect FDR-adjusted P values; 
*FDR < 0.05, **FDR < 0.01, ***FDR < 0.001.
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Figure S12. Supplementary validation of the proliferation-specific expression pattern of TOP2A across
single-cell and pan-cancer bulk datasets. (A) Violin plots comparing TOP2A expression levels across major
cell lineages in the four representative single-cell datasets presented in Figure 7B. (B) Scatter plots showing the
Spearman rank correlation between mean TOP2A expression and mean expression of proliferation markers
(MKI67, MYBL2, PCNA) across the TCGA pan-cancer.
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Figure S13. TOP2A expression is associated with immune checkpoint blockade (ICB) therapy response. (A) Box
plot comparing TOP2A mRNA expression levels before and after IFN-γ/TNF-α cytokine stimulation from the TISMO
database. (B) Box plot comparing TOP2A mRNA expression levels between ICB therapy responders and non-responders
from the TISMO database. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure S14. Multi-database validation of the association between TOP2A expression and pan-cancer drug
sensitivity. Lollipop plots showing the Spearman correlation between TOP2A mRNA expression and drug sensitivity
metrics across four independent pharmacogenomic databases: (A) GDSC1, (B) GDSC2, (C) CTRP, (D) PRISM.
Negative correlation indicates enhanced drug sensitivity in TOP2A-high tumors, while positive correlation indicates
intrinsic resistance.


