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Role of TOP2A-TTK-KIF2C network in the immune microenvironment and
its application in targeted therapy for hepatocellular carcinoma
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Abstract Objective To investigate the expression and prognostic value of the DNA topoisomerase Il alpha (TOP2A) and its key genes
TTK and KIF2C in hepatocellular carcinoma (HCC). We also examined their roles in the immune microenvironment and assessed their
potential utility in targeted therapy. Methods To determine gene expression and prognosis, an integrated analysis of The Cancer Genome
Atlas and Gene Expression Omnibus databases was performed. A PPI network was constructed ,and LASSO-Cox regression was used to
screen key genes. Furthermore ,immune infiliration and drug sensitivity were analyzed, and molecular docking and immunohistochemistry
experiments were performed for validation. Results We found that TOP2A , TTK ,and KIF2C were significantly overexpressed in HCC,
with TTK and KIF2C being identified as key genes with a risk model AUC of 0.745. Moreover, the high expression of these genes was posi-
tively correlated with CD8" T cell infiltration and independently associated with a poor prognosis. Furthermore , mutations were positively
correlated with microsatellite instability. Molecular docking confirmed that Sorafenib and other drugs could stably bind to these targets.
Conclusion Our findings revealed that the TOP2A-TTK-KIF2C network is abnormally activated in HCC and is closely associated with
the immune microenvironment. TTK and KIF2C were identified as potential biomarkers and therapeutic targets for the treatment of HCC.
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A,TOP2A mRNA in HCC vs. normal tissues; B, TOP2A protein in HCC (CPTAC dataset) ;C,TOP2A mRNA by tumor stage ( I to IV) ;D,TOP2A
mRNA by histologic grade (1 to 4) ;E,TOP2A mRNA by race (Caucasian, African-American, Asian) ;F, TOP2A mRNA by lymph node metastasis status
(Nyvs. N;) 5G,TOP2A mRNA by TP53 status (wild-type vs. mutant) ; H,TOP2A mRNA by histologic subtype (HCC, fibrolamellar carcinoma, cholangio-
carcinoma) ; 1, correlation between TOP2A expression and overall survival (0S);], effect of TOP2A expression and tumor grade on OS; K, effect of TOP2A
expression and race on OS; L, effect of TOP2A expression and sex on OS. * P < 0.05,** P < 0.01,*¥*** P < 0.000 1.
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Fig.1 Expression and survival analysis of TOP2A in HCC based on TCGA
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Adjacent non-tumor tissues

HCC tissues

A,case 1;B,case 2.

El2 TOP2A #£ HCC REFHLAFHFRIE IHC x100
Fig.2 TOP2A protein expression in HCC and adjacent non-tumor tissues IHC x 100
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A, protein-protein interaction (PPI) network from the STRING database; B, Venn diagram illustrating the intersection of the four algorithms,identifying

nine core Hub genes.
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Fig.3 Construction of the protein-protein interaction network and identification of Hub genes
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A, correlation of TTK expression with tumor purity and immune cell infiltration in HCC; B, correlation of KIF2C expression with tumor purity and immune

cell infiltration in HCC; C,impact of TTK copy number alteration (CNA) on immune cell infiltration; D, impact of KIF2C CNA on immune cell infiltration.
E4 XBERSREHEIEXES
Fig.4 Analysis of the correlation between key genes and immune cells
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Tab.1 Molecular docking binding energies of three drugs with
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Drug TOP2A TTK KIF2C
Sorafenib -10.3 -9.5 -8.1
Lenvatinib -9.5 -8.9 -8.3
PD-L1 -9.6 -8.9 -7.3

Lenvatinib KIF2C PD-L1

Left, binding pockets on receptor proteins (black dashed boxes) ;right, drug-amino acid residue interactions. Colored dashed lines indicate hydrogen

bonds or hydrophobic interactions.

&5 Sorafenib, LenvatinibfIPD-L15TOP2A, TTK. KIF2CHIH FXF#Z ST
Fig.5 Molecular docking analysis of Sorafenib, Lenvatinib and PD-L1 with TOP2A, TTK and KIF2C
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