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Figure S1. Pan-cancer diagnostic performance of 7TOP24 mRNA expression. ROC curves evaluating the
discriminatory capacity of TOP2A for distinguishing tumor from normal tissues across pan-cancer, with AUC
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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 TOP2A4-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 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 TOP24 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 70P2A and genomic instability metrics. (A) Mutation analysis of
TOP24 and several classical carcinogenic signaling pathways in pan-cancer. (B-H) Correlation between 7TOP24
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.



(3
A &
« 4 “‘ “ A8 4456 M o« o+ % R * % correlation coefficient pValue
“ ‘ *‘ ¥k ¥ ok ok ok k% ¥ ok ok ok ok k% ¥ ok ok ok ok ok ok k% -
* *‘ *‘ ‘ k ok ok ok ok ok ok 3k ok ok * ok ok ok ok ok ok ok ok ok ok ok ok ok ok 0k k¥ T T T 1 I
‘ * *‘ ‘ Kk ok ok %k k% ok ok k% ok ok k& ok k * ok k% ok ok kX -1.0-0.5 0.0 0.5 1.0 0.0 0.5 1.0
* *‘ * ‘ k% ‘ * ok ok k% ¥ ok ok ok *‘ * “ “‘ * ok
* ‘ * %k ok ok ok % % % ok * ok ok % & % * * ok ‘ * ok Modification: T‘pe:
* % % ‘ ‘ k% ok ok x k ok * * ok ok ok ok ok ok % ok k ok ok ok ok ok % ok k % mlA writer
“ “ k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok %k ok *‘ k% ok ok ok ok ok k% . m5C reader
“ *“ *‘ k ok ok ok ok ok ok ok %k * ok ok ok ok ¥k *‘A ‘ * k% ok *‘ . m6A eraser
* “ * ¥ ok ok ok sk ok ok * ok 3k * *‘ ¥ ok ok * *‘ * 3k *
k% ok ok ok ko ok sk kLR ok ko ok ok kR ok sk k ok ko ok ok ok sk k ok ok ok ok ok ok ok ok ok B DNASS
k0 k * * k ok ok k k ok ok ko ok ok ok 3k * ok *‘ k ok ok ok ok ok ok ok ok ok ok ok ] V l
* *‘ ‘ k% ok sk ok ok sk ok ok ok sk ok ok sk ok ok 3k *‘ ok ok sk ok ok ok sk ok ok 3k ok T,II%;Y(:I\,/I[,_ _- p a u%o
“ k% ok ok ok ok ok ko ko ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok 3k -
PCPG
‘ *‘ * *‘ 3 A £ 4 ] 41 468 46140 *“ * ok k% ok ok ok ok ok kK% KIRCH . 0.2
* “ ¥ ok ok 3k ¥ ok ok ok ok ok ok sk ok ok ok 3k *‘ ¥k *‘ ¥ ok ok ok ok ok %k CESC_ 1
* *‘ * *‘ *“‘ * ok ok ok * * k% ok ok *‘ ‘ * ok ok ok * ‘ COAD_ 04
COADREAD—H
‘ ‘ k ok ok ok ok ok ok *‘ k¥ ko %k Kk *‘ * *‘ * ok * KIPAN_ 06
‘ * ‘ ‘ * % ok ok % % * % * ‘ * *Px * * ‘ P * % ‘ % LIHCH
% ‘ “‘* % % *‘* *‘* % % k% *‘ *“‘ “ * % UCECH 0.8
*‘ * *‘ * ok *‘ k ok ok ok ok ok ok ok ok ok *‘ *‘ ‘ * R}Eé]é:): 1 O
¥k ‘ ‘ * ok 3k * ‘ ¥ ok ¥ * *‘ *“ * ‘ ‘ “ ¥k LAML_ i
* % * ‘ %k ok ok k% %%k k k% %k k% k| ok ok ok ok ok om %k ok ok ok k% % PRAD ]
* * ok ok ‘ * k| ok k * K ok ok x % * ok ok ok ok ok ok Kk ok ‘ * ok ok ok Kk ok x Igl(l:{%_ .
‘ ‘ ‘ ‘ * * ok ok ok ok ok * S0 A 440 ‘ ‘ * ok ‘ * ‘ BLCA: |
*‘ * * kK ‘ * *‘ * ok ok k% *‘ * *‘ ‘ HNSC_ .
* % % ‘ ‘ %%k ok k% % % % ok ‘ * ok ok % % %k ok P ‘ * ESCA .
‘ *“‘ * ok ok ¥ ok ok ok ok ok ok ok ok ok ok 3k *‘ * ‘ * ok ok * * Is-X]%g_ =
“ ‘ ‘ * ok * ok ok ok * * k% ok ok k% * k¥ *‘ * ok OV:
‘ % ‘ ‘ ‘ %%k ok ok % % % %k ok ok ok % % % ‘ * % ‘ * ok ok % % * BRCA .
* ‘ “ * *ok ok ok ok k% ¥ ok ok ok ok ok ok 3k k% ok ok ok ok ok 3k * ok ok THCA_ =
‘ * ‘ ‘ * * * * ok ok ok ok ¥k * “‘ L ‘ C]]:{(O;é: -
* ok ‘ ‘ * ok * ok k% ‘ ‘ ‘ * * * ok ok ‘ ‘ * ‘ * ‘ UVM - [ ]
* % x % ‘ ‘ ‘ ¥k ok %k k% ok k% Kk ok % ok k% % ok k x % ok k% % * x % LUAD+ |
* *‘ *“ kok ok ok ok ok ok ok ok ok k ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok %k 3k GBM_ -
A PAAD- |
* ok ok x * kok ok ok k| k| ok ok ok k% k| ok ok ok ok % k% k ok ok ok ok ok k k k ok *k IHNRNPA2B1 MESO] ]
k% *‘ k% ok ok ok ok ok ko ok ok ok k% ok ok ok ok sk ok ok ok ok ok ok ok ok %k ok ok %k 3k ELAVLI STES_ -
* *‘ * * ok *‘ * ok ok *‘ * * ok k% %k * * % * ok ok k% % IGF2BP1 UCS+H -
* *‘ * “ ¥k ‘ ¥ ok ok k% ¥ ok ok 3k *‘ * “ “‘ ¥k YTHDF3 1 ssl’(rél\]z_ =
* ‘ * k ok %k ok ok ok ok k% * ok ok ok ok ¥k * L ‘ * ok YTHDCI__I GBMLGG: _
*“ ‘ ‘ * %k ‘ * *‘ * ok * * ok *‘ * ok *“‘ * IYTHDC2 DLBC -
*‘ *““ ¥k %k * ok ok ok % ¥k ok ¥k * ok ok 3k ¥k FMRI T T T
* k% ‘ ‘ * ok k% % k% * * ok k% %k * 0k k% % ok ok % % ok x % 'YTHDF1 1 -0.5 0.0 0.5
‘ ‘ “ ok ok ok % ok ok x % ok x %k ok k% * *‘ * ok ok x % ok ok % ok _YTHDFZ_I Correlation coefficient(spearman)
DT SRRV GRS PN HONCRIRI PPN ORGP P ORI R P I SRS I I AP RN IS )
4®QQ%QOQ~QQ§$\@Q~?.V<O O O LR NS SO e F O (9 20
FSEVFETOTF TP ITTEFV T EF TRYRT ORI s
Nad
Qo
C
C  EREG-METHss D ENHss E DMPss F RNAss G EREG-EXPss
THYM -| E— THYM J— THYM -| E— KIPANS | PCPG |
TGCT [ TGCT [ | TGCT~ [ THCA- [ | KIRCH ||
PCPG | KIRCH | PCPG m GBMLGG —} [ | SKCM + ]
KIRC - B PCPG = CESCH B PCPGH ! THYM :
CESCH] : THCA H [ KIRC ; KIRP- ] KIRP ]
UCECH KICH | COADH TGCT ] LIHCH I
COAD CESCH | LIHC H KIRCH | KIPAN :
KIPAN - COAD | KIPAN LGGH u KICH I
COADREAD — LAML H | COADREAD — UCSH ] SARC |
LIHCH ACCH] 1 KIRP KICH} | UCECH |
READ oV 1 READ MESO- | HNSC I
PRADA COADREAD ‘ ESCA | ‘ SKCM~ | MESO + ]
KICHH UCECH HNSC | CESCH s CESC
LAML - KIRP CHOL + UVM-] . LUAD+ ]
HNSC -} | LIHCH ‘ THCA - | PRADA . THCA |
ACCH BLCA PAAD | ACCH _— UCS
OV~ | KIPAN - | BLCA | UCECH _—— ESCA - |
BLCA | PRAD | ACCH ESCA] . BLCA -
ESCA ] LUSCH | UCECH | oV | UVM
KIRP | ESCA | SARCH | PAAD-] I BRCA .
LUSCH ] READ LUSC— | COAD —— oV -
SARCH | SARC | BRCA | COADREAD] I PAAD - |
BRCA - | BRCA | KICH | CHOL I LUSCH |
UvVM+ | LUAD | STES | LIHCH I PRAD .
LGG = HNSC = LAML | HNSCH | COADA =
THCA - PAAD~ LGG - . SARCH I LAML A
LUAD I CHOL H STADH I BLCA I COADREAD .
MESO | LGG | PRAD | LUSCH I STESA |
GBM S | UVM | MESO | - LAML I CHOL ~ —
CHOL | GBM | OV STESH ] TGCT A | ]
UCS | STES I GBM H | DLBCH I GBMLGG I
SKCM | UCSH | UVM ~ | READA = READ |
PAAD . SKCM | SKCM | BRCA LGG I
STES . STADA — LUAD- . LUADH I STADA] I
STADA] | DLBC] UCSH | STADH I GBM I
GBMLGG —} _ MESO = GBMLGG I GBM+ I ACCH _
DLBC I GBMLGG I DLBC I THYM-] I DLBCH I
T T T T T T T T 1T T T T T T T T T T T T T T T T T T
-0.5 0.0 0.5 —0.6-0.4-0.20.0 0.2 0.4 0.6 —0.6-0.4-0.20.0 0.2 0.4 0.6 —0.6-0.4-0.20.0 0.2 0.4 0.6 -04 -02 00 02 04
Correlation coefficient(spearman) Correlation coefficient(spearman) Correlation coefficient(spearman) Correlation coefficient(spearman) Correlation coefficient(spearman)
pValue pValue pValue pValue pValue

1.0 0.8 0.6 0.4 0.2 0.0

1.0 0.8 0.6 0.4 0.2 0.0

1.0 0.8 0.6 0.4 0.2 0.0

1.0 0.8 0.6 0.4 0.2 0.0

1.0 0.8 0.6 0.4 0.2 0.0

Figure S7. Association between TOP2A expression, epitranscriptomic regulation, and tumor stemness across
pan-cancer. (A) Heatmap showing the Spearman correlation between 7TOP24 mRNA expression and core RNA
epitranscriptomic modification regulators (m'A, m°C, m°®A) across pan-cancer. (B-E) Bar plots showing the
Spearman correlation between 70P24 mRNA expression and DNA methylation-based stemness indices: (B) DNAss,
(C) EREG-METHSss, (D) DMPss, (E) ENHss. (F-G) Scatter plots showing the Spearman correlation between 7TOP2A4
mRNA expression and RNA-based stemness indices: (F) RNAss, (G) EREG.EXPss. * p <0.05, ** p <0.01, *** p <0.001.
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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 TOP2A4 co-expressed genes, with adjusted p values indicated. (C) GSEA
of KEGG pathways in TOP2A4-high vs. TOP2A-low groups, with normalized enrichment score (NES) and false discovery
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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
RPPA cohort. (B) Bar plot showing the CERES dependency scores of TOP2A across the top 200 tumor cell lines from
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 7T0OP2A4 and 68 immune-related signatures. Heatmap displays Spearman correlation

coefficients between TOP24 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 7OP2A expression and 150 core immunomodulatory genes. Heatmap displays Spearman correlation

coefficients between TOP24 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 TOP2A4 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 7OP2A4 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 TOP24 mRNA expression levels before and after IFN-y/TNF-a cytokine stimulation from the TISMO
database. (B) Box plot comparing 7TOP24 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 TOP24 mRNA expression and drug sensitivity
metrics across four independent pharmacogenomic databases: (A) GDSCI, (B) GDSC2, (C) CTRP, (D) PRISM.
Negative correlation indicates enhanced drug sensitivity in TOP2A-high tumors, while positive correlation indicates
intrinsic resistance.



