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Background: Kinesin family member 20A (KIF20A), a microtubule-dependent
motor protein of the Kinesin superfamily, is involved in cell division and organelle
transport. Its expression is dysregulated in various cancers and is closely related
to tumor metastasis and patient prognosis. However, its speci c¢ functions in
different tumor types and the potential as an anticancer target have not been fully
elucidated, and a systematic pan-cancer analysis is lacking.

Methods: This study integrated multiple cancer database resources and
systematically analyzed the multi-omics alterations of KIF20A in different
cancers using R software, including gene expression, genomic variation,
methylation status, biological pathways, and clinical value. In addition, we
evaluated the regulatory role and immunotherapy potential of KIF20A in the
tumor microenvironment through various bioinformatics algorithms. Finally, we
explored the impact of KIF20A on the biological behaviors of Kidney Renal Clear
Cell Carcinoma (KIRC) cells through in vitro and in vivo experiments.

Results: KIF20A is localized in the nucleus and participates in the cell cycle
process, serving as a core gene for tumor cell growth. It undergoes copy number
alterations in various tumors, and its high expression is closely associated with
clinical progression, poor prognosis, and activation of classical oncogenic
pathways in multiple cancers. Mechanistically, aberrant epigenetic
modi cations and mutations in hallmark pathways are signi cant reasons for
the dysregulated expression of KIF20A. Furthermore, the expression of KIF20A
correlates with immune cell in Itration and the expression of immune
checkpoint molecules, impacting the ef cacy of immunotherapy in various
cancers. In vitro experiments have con rmed that interfering with KIF20A
expression can effectively inhibit the proliferation, migration, and invasion of
KIRC cells. Furthermore, in vivo experimental results indicate that interfering with
KIF20A can inhibit tumor growth in nude mice.
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Conclusion: To our knowledge, this is the rst study to reveal the role of KIF20A
in tumorigenesis and development from a pan-cancer multi-omics perspective,
providing solid theoretical and experimental evidence for KIF20A as a potential
anti-cancer therapeutic target.
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Introduction

Cancer remains a leading cause of mortality worldwide, with an
estimated 20 million new cases and 9.7 million deaths reported in
2022 (1). Although advances in imaging and liquid biopsy have
improved cancer detection rates (2, 3), the early occult nature and
high metastatic potential of tumors often result in diagnosis at
advanced stages (4, 5). Current treatments—including surgery,
radiotherapy, chemotherapy, and targeted therapy—all face
limitations. Surgery and radiotherapy are constrained by tumor
location (6, 7); chemotherapy induces signi cant toxicity and
recurrence (8), and targeted therapy is effective only in patients
with speci ¢ mutations and is prone to drug resistance (9, 10).
Although immune checkpoint blockade (ICB) has provided
signi cant survival bene ts in some cancers, immune tolerance
leads to resistance in many patients and may trigger autoimmune
reactions (11, 12). To address these challenges, pan-cancer research
based on high-throughput sequencing has emerged (13, 14).

KIF20A, a member of the kinesin superfamily, is located on
chromosome 5g31.2 and is also known as MKLP2 and RAB6KIFL. It
encodes a molecular motor protein associated with microtubule
movement, with a molecular weight of approximately 100 kDa
(15). KIF20A participates in various key processes within the cell
by binding to microtubules and moving with the energy produced by
ATP hydrolysis, including cell division, organelle transport, and
signal transduction. Particularly during mitosis, it is involved in the
positioning of the dividing cell nucleus and the correct setup of the
intracellular division apparatus, ensuring orderly and ef cient cell
division (16, 17). Numerous studies have shown that KIF20A is
signi cantly overexpressed in various cancers such as breast cancer
(18), lung cancer (19), liver cancer (20), and bladder cancer (21), and
is associated with increased tumor invasiveness, disease progression,
and poor clinical prognosis. For instance, in colorectal cancer and
gliomas, KIF20A interacts with the JAK-STAT3 pathway, promoting
tumor cell growth and metastasis (22, 23). Additionally, in ovarian
clear cell carcinoma, immunohistochemical (IHC) analysis has
revealed that overexpression of KIF20A can signi cantly promote
tumor cell proliferation (24). Studies have also found that in
hepatocellular carcinoma (HCC), the accumulation of KIF20A not
only promotes the proliferation and tumorigenic potential of
pathological liver cells but also enhances the tumor’s resistance to
chemotherapy (20). Although KIF20A has been the focus of attention
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in various cancers, no studies have yet elucidated its role in the
development and progression of tumors from a pan-
cancer perspective.

In this study, we explored the expression, genomic alterations,
clinical signi cance, and immunological value of KIF20A across
various cancer types using public databases and multiple
bioinformatics algorithms. Our results indicate that KIF20A is
upregulated in multiple tumor types, including at both the
MRNA and protein levels. High expression of KIF20A accelerates
clinical malignant progression through the activation of cell cycle-
related processes and oncogenic pathways and is closely associated
with poor prognosis. Furthermore, KIF20A expression is closely
related to genomic and immune status and affects the ef cacy of
immunotherapy. Finally, validation in external cohorts and cell
experiments con rmed the oncogenic role of KIF20A in KIRC. In
conclusion, KIF20A is a potential therapeutic target.

Materials and methods
Multi-omics analysis of cell lines

We obtained immuno uorescence staining images of cell lines
(A-431, U-251MG, and U20S) from the HPA database to observe
the subcellular localization of KIF20A. Sequencing data for U20S
FUCCI cells used in cell cycle analysis (GSE146773) were obtained
from the Gene Expression Omnibus (GEO) database. Gene
expression levels were converted to z-scores using the scale
function, and outliers greater than 3 or less than -3 were
removed. Subsequently, standardized RNA expression pro les
were plotted as functions of cell cycle phase over simulated cell
cycle time. Preprocessed multi-omics data from tumor cells were
obtained from the Genomics of Drug Sensitivity in Cancer (GDSC)
website. Gene expression data from the Human Protein Atlas
(HPA) database and copy number variation data from the Cancer
Cell Line Encyclopedia (CCLE) database were used for validation.
Plots were generated using basic graphics functions in R and the
ggplot2 package. Finally, we downloaded genome-wide CRISPR
screening data from the DepMap database to assess gene genetic
dependencies. The CERES algorithm was employed to calculate
KIF20A dependency scores in cancer cells, where negative scores
indicate cell growth inhibition or death following gene knockout.
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Single-cell sequencing analysis

We obtained pan-cancer single-cell expression pro les
annotated with cell type information from the Tumour Immune
Single Cell Hub (TISCH) database. Using the R package pheatmap,
we constructed heatmaps to visualize the pan-cancer single-cell
expression landscape of KIF20A. Subsequently, we calculated the
average expression level of KIF20A in each single-cell dataset and
the proportion of speci ¢ cells expressing KIF20A in each dataset.
Spearman correlation analysis was performed to assess the
relationship between these two metrics, visualized using lollipop
plots. We performed dimensionality reduction on the single-cell
data using Uniform Manifold Approximation and Projection
(UMAP). Different cell types were visualized as a two-
dimensional heatmap based on their unique expression patterns.
Finally, all cells were classi ed into KIF20A-positive and -negative
groups based on expression status, and the proportion of each cell
type within the positive and negative groups was
calculated separately.

Multi-omics analysis of the TCGA pan-
cancer cohort

Multi-omics data from The Cancer Genome Atlas (TCGA)
pan-cancer cohort were obtained from the UCSC xena database,
encompassing gene expression, DNA methylation, copy number
variations, somatic mutations, and clinical information. Gene
expression data for normal human tissues were sourced from the
GTEx database. Based on tissue origin, we merged these with TCGA
transcriptomic data using the R package Combat and performed
inter-group differential analysis with the R package Limma. Based
on sample type information and KIF20A expression data, we
employed the R package pROC to evaluate KIF20A’s diagnostic
value across pan-cancer types. Clinical ORR data were obtained
from prior studies. We merged KIF20A expression levels from the
TCGA pan-cancer cohort with ORR data, then performed Pearson
correlation analysis to investigate their relationship (25). Extract
each patient’s distinct survival endpoints (OS, DSS, DFI, and PFI)
and survival status information from clinical data. Perform
univariate Cox regression analysis and Kaplan-Meier survival
analysis using the R package survival. Based on pathological
staging and histological grade information in the clinical data,
compare KIF20A expression differences between groups using
Wilcoxon Rank Sum Tests. Methylation sites for KIF20A were
extracted from DNA methylation data. Based on sample type
information, Wilcoxon Rank Sum Tests were performed to assess
differences in KIF20A methylation status between normal and
tumor tissues. Pearson correlation tests were conducted to
evaluate the relationship between KIF20A expression levels and
methylation beta values. Genomic State Score (Aneuploidy Score,
Homologous Recombination Defects, Fraction Altered, Number of
Segments, Intratumor Heterogeneity, Nonsilent Mutation Rate,
Silent Mutation Rate, CTA Score, Indel Neoantigens and SNV
Neoantigens) and TMB data were obtained from previous studies.
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KIF20A expression was integrated with these data based on TCGA
sample names, followed by correlation analysis and differential
analysis (26). Extract mutation information for 12 molecules
(NOTCH1, TP53, WNT1, MAPK1, EGFR, BRAF, KRAS,
TGFBR1, PIK3CA, MYC, YAP1, and CDKN1A) from SNV
somatic mutation data. The SNV mutation frequency
(percentage) for each gene coding region was calculated as:
number of mutated samples/number of cancer samples.
Heatmaps were generated using the R package pheatmap.
Additionally, based on whether mutations occurred in the 12
molecules, we used the Wilcoxon signed-rank test to observe
changes in KIF20A expression (up- or down-regulated) in the
mutated group compared to the wild-type group.

Proteomics analysis of a pan-cancer
cohort

Protein expression data and corresponding clinical information
for the pan-cancer cohort were obtained from the Proteomic Data
Commons (PDC) database (https://pdc.cancer.gov/pdc/). Missing
values in the matrix were imputed using the R package “Impute.”
Based on sample and cancer type information, we employed
Wilcoxon Rank Sum Tests to explore differences in KIF20A
protein expression between normal and tumor tissues across
various cancers. Additionally, we validated KIF20A protein
expression using the Cancer Proteome and Phosphoproteome
Atlas (CPPA) online tool. Immunohistochemical scores and
images from normal and tumor tissues of different organ origins
were obtained from the HPA database. The R package ggplot2 was
used to plot percentage bar charts illustrating the proportion of
different KIF20A staining scores in tumor tissues.

Tumor function-associated proteins were obtained from The
Cancer Proteome Atlas (TCPA) database, and Spearman
correlations between KIF20A expression and speci ¢ functional
protein content were calculated using the cor.test function. Protein
interactions were analyzed using the Compartmentalized Protein

Protein Interaction (ComPPI) online database. For proteins
localized to the cell nucleus, GO-BP enrichment analysis was
performed using the R package clusterPro ler.

Pathway enrichment analysis

In the TCGA pan-cancer cohort, samples were divided into
high-expression and low-expression groups based on the median
KIF20A expression level for each cancer type. Differential analysis
was performed using the limma package to obtain the log2FC for
each gene. All genes were ranked by log2FC. Based on hallmark
gene sets obtained from Molecular Signatures Database (MSigDB)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) metabolic
gene sets, Gene set enrichment analysis was performed using the
Gene Set Enrichment Analysis (GSEA) function in the
clusterPro ler package. Enrichment scores (ES) were calculated
for each gene set, followed by signi cance testing and multiple
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hypothesis correction. Results were visualized using bubble plots.
Nine tumor cell functional gene sets (Proliferation, Apoptosis, Cell
Cycle, EMT, Metastasis, Invasion, DNA damage, DNA repair, and
Stemness) were retrieved from the Cancer Single cell State Atlas
(CancerSEA) database. The Gene Set Variation Analysis (GSVA) R
package performed gene set variation analysis to obtain nine
functional scores for each sample. Pearson correlation tests
explored the relationship between KIF20A expression and these
nine functional scores. The correlation between KIF20A at the
protein level and ten classic oncogenic pathways (Apoptosis, Cell
Cycle, DNA Damage, EMT, Hormone AR, Hormone ER, PI3K
AKT, RAS MAPK, RTK, and TSC mTOR) was performed using the
Gene Set Cancer Analysis (GSCA) online tool.

Immunological analysis

The TCGA pan-cancer immuno-subtype data were obtained
from previous studies. Tumor samples were divided into high- and
low-expression groups based on the median KIF20A expression
level. The proportion of each subtype within each group was
calculated, and signi cance was assessed using the chi-square test
(26). Cancer Immune Periodicity Scores were obtained from the
TIP database, while tumor microenvironment scores from two
algorithms (Xcell and Estimate) were retrieved from the
Sangerbox website. Pearson correlation analysis was performed to
explore the relationship between KIF20A expression and these
scores across different cancers. Tumor lymphocyte in lItration
images were obtained from the TilMaps database, and pan-cancer
immune cell association analysis was performed using the TIMER
2.0 website. Immune checkpoint genes were obtained from the
Tumor Immune System Interaction (TISIDB) database. We
selected eight clinically relevant immune checkpoints (CD274,
CTLA4, HAVCR2, LAG3, PDCD1, PDCD1LG2, SIGLEC15, and
TIGIT). Within the TCGA pan-cancer cohort, Pearson correlation
analysis was performed between each checkpoint gene and KIF20A
using the cor.test function, with heatmaps visualized via the
ComplexHeatmap package. Immune biomarker scores for the
TCGA pan-cancer cohort were obtained from the Tumor
Immune Dysfunction and Exclusion (TIDE) database. Samples
were strati ed into high/low score groups based on the median
biomarker score. Bar charts illustrate the proportion of patients
with high/low KIF20A expression across different groups.
Assessment of KIF20A’s impact on immunotherapy ef cacy in
real-world cohorts was performed using the BEST website.

Veri cation of KIRC external queues

Spatial transcriptomics analysis was performed using the
SpatialTME website. Spearman correlation analysis was employed
to explore the relationship between KIF20A expression and cellular
content, visualized using the linkET package. Expression pro les
and clinical data from the KIRC dataset (GSE167573) were obtained
from the GEO database, with probe conversion and normalization
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of expression data completed using Sanggerbox. Wilcoxon Rank
Sum Tests were employed to compare intergroup differences, while
the R package survival was used to explore survival analysis in
KIF20A high/low expression groups. Additionally, we validated
KIF20A expression in normal, tumor, and metastatic samples
using renal carcinoma chip cohorts from the TNMplot website.
Finally, we assessed the role of KIF20A in renal carcinoma
immunotherapy cohorts (CheckMate025) via the IMPACT website.

Cell culture

786-0 and ACHN human clear cell renal cell carcinoma lines
were procured from the Cell Bank of the Chinese Academy of
Sciences in Shanghai. The cell lines are free of mycoplasma
contamination and have been identi ed by STR analysis. We've
grown the 786-o0 cells in RPMI 1640 medium from Gibco in
Carlshad, California, while the ACHN cells were nurtured in
DMEM from the same company. Both cell lines were forti ed
with 10% fetal bovine serum from Gibco, plus 1% antibiotics—a
blend of penicillin and streptomycin at a concentration of 100 units
per milliliter. The culturing environment was maintained at 37
degrees Celsius with a 5% CO2 atmosphere.

In vitro proliferation, migration and
wound-healing assays

Cell Proliferation assay: KIRC cells were cultured in 96-well
plates at 2,000 cells/well under standard conditions (37°C, 5% CO5).
Daily CCK-8 assays (Sparkjade, China) measured cell proliferation
over ve days, with absorbance readings taken at 450 nm following
one-hour incubation.

Cell wound-healing assay: Cells were seeded in 6-well plates,
incubated to 95% con uence, wounded, and treated with serum-
free medium to assess migration over time via microscopy and
ImageJ analysis.

Cell migration and invasion assay: To assess cell migration,
serum-starved KIRC cells (6x10%) were seeded in transwell inserts
coated with 25% matrigel. The lower chamber contained 10% FBS
medium. Following 8-24hour incubation, non-migrated cells were
removed, and remaining cells were xed, stained with crystal violet,
and quanti ed microscopically using ImageJ.

Tumor xenograft model

In a tumor xenograft model, 12 ve-week-old female BALB/c
nude mice were randomly assigned to an experimental group and a
control group. The experimental group received a subcutaneous
injection of the ACHN cell line with KIF20A knockdown into the
hind limb, while the control group was injected with the control
shRNA cell line. The cell concentration for each injection was 1x10°
cells per mouse. We kept a close eye on tumor development and
calculated tumor volume using the standard formula VV = (L x W )/2,
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where L represents the longest tumor dimension and W indicates the
shortest. Once measurements were complete, the tumors were
surgically removed, photographed, weighed, preserved, and stained
for further analysis.

Statistical analysis

Statistical analysis for this study was performed using GraphPad
Prism software (version 9) and R software (version 4.2.1). A two-
tailed P-value < 0.05 was considered statistically signi cant. The
levels of signi cance were indicated as * P <0.05, ** P <0.01, ***
P <0.001, **** P <0.0001. The correlation of gene expression levels
between two datasets was assessed using Spearman rank correlation
test. Inter-group gene expression differences were compared using
the Wilcoxon rank-sum test. Survival differences among different
groups were analyzed using the Log-rank test. For the selection of
prognostic factors, univariate Cox proportional hazards regression
model was rst used to identify potential factors, followed by
multivariate Cox proportional hazards regression model to
validate independent prognostic factors. For different analysis
modules, we applied differentiated multiple comparison strategies:
analyses involving a large number of simultaneous tests were
corrected for false discovery rate (FDR) using the Benjamini-
Hochberg method (with an FDR < 0.05 as the signi cance
threshold). Exploratory correlation analyses with fewer tests were
controlled for false positives by setting a stringent raw P-value
threshold of < 0.05. For in vitro functional experiments, each
experimental condition was set with three independent replicate
wells. The experimental data were summarized from at least three
independent experimental repetitions before statistical analysis.

Result

The localization, multi-omics
characteristics and functions of KIF20A in
cancer cells

To clarify the subcellular localization of KIF20A in cells, we
retrieved the immuno uorescence staining images of cell lines
derived from three different tumors in the HPA database,
including skin cancer (A-431), glioma (U-251MG), and
osteosarcoma (U20S). The results demonstrated that KIF20A was
mainly localized in the nucleus in all three cell lines (Figure 1A).
Furthermore, based on the FUCCI uorescent marker-based cell
cycle dataset (GSE146773), we explored the impact of KIF20A on
cell cycle progression at the single-cell level. The results indicated
that in U20S cells, the mMRNA expression of KIF20A varied with the
cell cycle phase, with signi cantly higher expression levels in the
G2/M phase compared to the G1 and S phases (Figure 1B). In the
GDSC database, we explored the mRNA expression and genomic
copy number alterations of KIF20A in tumor cells. The results
showed that the expression and copy number alterations of KIF20A
exhibited signi cant heterogeneity across different tumors. At the
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MRNA level, KIF20A was highly expressed in cells such as Cervical
squamous cell carcinoma and endocervical adenocarcinoma
(CESC), Uterine Corpus Endometrial Carcinoma (UCEC),
Glioblastoma (GBM), and Renal Cell Carcinoma (RCC), while it
was expressed at lower levels in cells such as Acute Myeloid
Leukemia (AML), Colorectal Cancer (CRC), and Stomach
Adenocarcinoma (STAD) (Figure 1C). At the copy number level,
KIF20A showed a high frequency of alterations in cells such as
Pancreatic adenocarcinoma (PAAD), Prostate adenocarcinoma
(PRAD), CESC, Esophageal carcinoma (ESCA), Non small cell
lung cancer (NSCLC), and RCC (Figure 1D). Among these, the
ampli cation frequency was highest in CESC and the deletion
frequency was highest in Small Cell Lung Cancer (SCLC).
Additionally, we performed expression (HPA database) and copy
number (CCLE database) analyses of KIF20A in additional tumor
cell datasets and obtained consistent results (Figures 1E, F). Finally,
based on the whole-genome CRISPR-Cas9 screening data obtained
from the DepMap database, we assessed the knockout effect of
KIF20A in tumor cells, which re ects the survival dependency of
tumor cells on KIF20A. The results showed that, despite
heterogeneity across different cell lines and tissues, the
dependency score (CERES) of KIF20A in different tumors was
negative, indicating that the growth of tumor cells was inhibited
after KIF20A knockout (Figure 1G). The above results indicate that
KIF20A is localized in the nucleus and participates in cell cycle
progression. It undergoes multi-omics alterations in tumor cells and
is a key target for regulating tumor cell growth and proliferation.

The expression pattern of KIF20A in the
tumor microenvironment exhibits cell-
subtype heterogeneity

To delve deeper into the heterogeneity of KIF20A within the
tumor microenvironment, we conducted a comprehensive single-
cell analysis using the TISCH2 database. We obtained expression
pro les of KIF20A from 88 single-cell datasets spanning 37 types of
cancer, and through a heatmap, we illustrated the pan-cancer
expression landscape of KIF20A at single-cell resolution. The
results revealed substantial heterogeneity in KIF20A expression
across different cell types (Figure 2A). To elucidate the
relationship between KIF20A expression and the abundance of
speci ¢ cell types, we performed a correlation analysis between
the average expression levels of KIF20A and the content of different
cell types. Spearman correlation analysis indicated that KIF20A
expression was signi cantly positively correlated with malignant
cells and proliferating T cells, indicating that KIF20A is highly
expressed in these cells (Figure 2B). To validate these ndings, we
explored the expression of KIF20A in single-cell datasets of tumors
from four different tissue origins, including cholangiocarcinoma
(CHOL_GSE138709), colorectal cancer (CRC_GSE166555),
ovarian cancer (OV_GSE147082), and pancreatic cancer
(PAAD_GSE165399). The UMAP diagrams after dimensionality
reduction and the inter-group difference analysis showed relatively
consistent results among different datasets, that is, KIF20A was
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FIGURE 1

the DepMap database revealed its genetic dependence.

Subcellular localization, cell cycle expression, and functional dependencies of KIF20A in tumor cells. (A) Immuno uorescence staining revealed
subcellular localization of KIF20A in A-431, U-25IMG and U20S cells. (B) The scatterplot showed the mRNA expression levels of KIF20A in U20S
FUCCI cells at different cell cycle phases. (C) mRNA expression levels of KIF20A in different tumor cell lines in GDSC database. (D) The change
frequency of KIF20A gene copy number in different tumor cells in GDSC database. (E) mRNA expression levels of KIF20A in different tumor cell lines
in HPA database. (F) CNV levels of KIF20A in different tumor cells in CCLE database. (G) The knock-out effect of KIF20A in different tumor cells in

highly expressed in malignant cells and proliferating cells, while
hardly expressed in other cell types. Additionally, the percentage
bar graphs showed that the proportion of malignant cells and T-
proliferating cells in the KIF20A-positive group was much higher
than in the KIF20A-negative group (Figure 2C; Supplementary
Figure S1). These results suggest that the expression pattern of
KIF20A in tumor tissues is cell-subtype-speci ¢, with high
expression in malignant cells potentially playing a crucial role in
driving tumor progression.
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Pan-cancer multi-omics analysis reveals
the diagnostic, therapeutic, and prognostic
values of KIF20A in human cancers

In order to comprehensively analyze the multi-omics
characteristics and clinical value of KIF20A in tumor tissues, we
analyzed data from the TCGA pan-cancer cohort. The overview map
shows the multi-omics features of KIF20A in pan-cancers. We found
that there were signi cant expression differences of KIF20A in most
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FIGURE 2
Single-cell analysis revealed the heterogeneity of KIF20A expression in the tumor microenvironment. (A) The pan-cancer single-cell expression
landscape of KIF20A in the TISCH2 database. (B) Correlation analysis of KIF20A expression and speci c cell content in pan-cancer microenvironment.
(C) Expression of KIF20A at single-cell resolution in cholangiocarcinoma, colorectal cancer, ovarian cancer, and pancreatic cancer.

types of tumor tissues compared with adjacent non-tumor tissues. In
addition, genomic analysis revealed that although the mutation
frequency of KIF20A was low, it showed varying degrees of copy
number ampli cation and deletion in different cancer types. For
example, KIF20A had the highest frequency of copy number
ampli cation in ACC, while it had the highest frequency of copy
number deletion in Lung Squamous Cell Carcinoma (LUSC)
(Figure 3A). Subsequently, based on the barcodes of TCGA
samples, we explored the expression changes of KIF20A in a pan-
cancer cohort using paired analysis. The results showed that
compared to adjacent normal tissues, the mRNA expression of
KIF20A was signi cantly upregulated in 17 types of tumor tissues,
including Bladder Urothelial Carcinoma (BLCA), Breast Invasive
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Carcinoma (BRCA), Colon Adenocarcinoma (COAD), and ESCA,
among others (Supplementary Figure S2A). To further clarify the
expression differences of KIF20A between normal and tumor tissues,
we combined the normal tissues from the GTEXx database according
to the organ origin with the adjacent non-tumor tissues from the
TCGA. The results of differential analysis showed that the expression
of KIF20A was signi cantly up-regulated in tumor tissues of all
cancer types compared with normal tissues (Figure 3B).
Subsequently, we evaluated the diagnostic value of KIF20A.
Diagnostic ROC analysis showed that the AUC values of KIF20A
were greater than 0.75 in 19 cancer types, suggesting that it is an
accurate diagnostic marker for these tumors (Figure 3C).
Additionally, we evaluated the association between KIF20A
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expression and clinical response in 16 types of cancer. Correlation
analysis revealed a signi cant negative correlation between KIF20A
expression levels and clinical objective response rates. Furthermore,
high KIF20A expression was signi cantly associated with rst-line
treatment failure across multiple solid tumors, suggesting that
elevated KIF20A expression may correlate with reduced treatment
bene t and tumor progression (Figure 3D; Supplementary Figure
S2B). To gain a deeper understanding of the clinical signi cance of
KIF20A, we evaluated the prognostic value of KIF20A in the pan-
cancer cohort using two algorithms (COX regression and logistic
regression) and four survival endpoints (OS, DSS, DFI, and PFI).
Survival analysis results showed relatively consistent results among
different algorithms and survival endpoints, that is, high-expression
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of KIF20A was associated with poor prognosis in most tumors and
was a high-risk gene for patient survival (Figure 3E). Additionally, we
conducted a separate analysis for KIRC and found that KIF20A
expression levels showed a signi cant linear positive correlation with
survival risk in KIRC patients. This correlation remained an
independent prognostic factor after multivariable adjustment
(Supplementary Figure S2C). In addition, we investigated the
expression trend of KIF20A at different pathological stages. The
results showed that the expression of KIF20A increased with the
increase of pathological stage in Adrenocortical carcinoma (ACC),
BRCA, CESC, ESCA, Kidney Chromophobe (KICH), KIRC, Kidney
Renal Papillary Cell Carcinoma (KIRP), and Lung Adenocarcinoma
(LUAD), suggesting that high-expression of KIF20A may be closely
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related to the malignant progression of tumors (Figure 3F). Finally,
we explored the correlation between the expression of KIF20A and
histological grade in six types of cancers, including CESC, Head and
Neck Squamous Cell Carcinoma (HNSC), KIRC, Liver
Hepatocellular Carcinoma (LIHC), PAAD, and UCEC. Inter-group
difference analysis showed that the expression of KIF20A gradually
increased with the decrease of differentiation degree, suggesting that
high-expression of KIF20A and low tumor differentiation may
synergistically promote tumor progression and the formation of
intratumoral heterogeneity (Figure 3G). The above results indicate
that multi - omics alterations of KIF20A occur in human tumor
tissues, and high-expression of KIF20A is closely related to poorer
treatment response, clinical progression, and poor prognosis of
patients, making it an accurate pan-cancer diagnostic marker.

The upregulation of KIF20A protein
expression in tumor tissues marks it as a
key target for cell cycle regulation

The previous results showed that the mRNA expression level of
KIF20A was up-regulated in tumor tissues. Therefore, we wanted to
investigate whether its protein expression level had changed. We
obtained the protein expression data of the pan-cancer cohort from
the PDC database. The results of differential analysis showed that,
compared with adjacent non-cancerous tissues, the protein
expression of KIF20A was signi cantly up-regulated in GBM,
HNSC, KIRC, LIHC, LUAD, LUSC, PAAD, and UCEC
(Figure 4A). Subsequently, we veri ed this result using the CPPA
online tool. The online analysis yielded relatively consistent results.
Compared with adjacent non-cancerous tissues, the protein
expression of KIF20A was signi cantly up-regulated in Esophageal
Squamous Cell Carcinoma (ESCC), LIHC, STAD, GBM, HNSC,
KIRC, LUAD, LUSC, PAAD, and UCEC (Figure 4B). In addition, we
obtained the immunohistochemical staining scores of tumor tissues
from the HPA database. The bar chart showed that the KIF20A
protein presented a higher proportion of strong and moderate
staining in most tumors. Among them, in cervical cancer,
colorectal cancer, ovarian cancer, testicular cancer, and urothelial
cancer, the proportion of strong KIF20A staining exceeded 50%
(Figure 4C). We retrieved the immunohistochemical staining images
of these ve types of tumor tissues and the normal tissues of the
matched homologous organs from the HPA database. The results
showed that the staining intensity of KIF20A in tumor tissues was
signi cantly stronger than that in homologous normal tissues,
suggesting that the protein expression level of KIF20A is increased
in tumors (Figure 4D). In addition, in the TCPA pan-cancer cohort,
we also investigated the correlation between KIF20A and tumor-
related functional proteins. Surprisingly, we found that KIF20A was
signi cantly positively correlated with the cyclin protein CyclinB1 in
all tumors except THCA (Figure 4E). Finally, we used the ComPPI
database to investigate the interacting proteins that have the same
subcellular localization as KIF20A (Figure 4F). Given the previous
results that KIF20A is mainly located in the nucleus, we performed
functional enrichment analysis on the interacting proteins located in
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the nucleus. The results showed that these proteins are jointly
involved in a large number of cell cycle-related pathways
(Figure 4G). The above results indicate that the protein expression
of KIF20A is up-regulated in tumor tissues, accelerates the cell cycle
and regulates cell division, and may play an important role in
tumor proliferation.

Pathway analysis reveals the regulatory
role of KIF20A in tumorigenesis and tumor
progression

In order to clarify the biological functions and molecular
mechanisms involved in KIF20A in tumors, we performed pathway
enrichment analysis. Firstly, based on the Hallmark gene sets and
KEGG metabolism-related gene sets obtained from MSigDB, we
carried out GSEA enrichment analysis in the TCGA pan-cancer
cohort. Despite the heterogeneity among tumors, relatively consistent
results of KIF20A were obtained in some pathways across different
types of cancers. For example, we found that DNA repair, E2F targets,
epithelial-mesenchymal transition, G2M checkpoint, mitotic spindle,
MTORC1 signaling, MYC targets, spermatogenesis, and pyrimidine
metabolism were signi cantly enriched in samples with high KIF20A
expression, while metabolism of xenobiotic by cytochrome p450 and
drug metabolism-cytochrome p450 were signi cantly enriched in
samples with low KIF20A expression (Figure 5A). Subsequently, in
order to further understand the mechanism of KIF20A in cancer
development, based on the gene sets obtained from the CancerSEA
database, we used GSVA analysis to explore the relationship between
KIF20A expression and tumor-related functional scores. The results
showed that in the TCGA pan-cancer samples, the expression of
KIF20A was signi cantly positively correlated with all tumor-related
functions, including proliferation, apoptosis, cell cycle, EMT,
metastasis, invasion, DNA damage repair, and stemness (Figure 5B).
Moreover, KIF20A expression levels showed a signi cant positive
correlation with cell cycle progression across 33 types of cancer
(Supplementary Figure S3A). Finally, we used the GSCA online tool
to explore the regulatory relationship between KIF20A and ten classical
oncogenic pathways at the protein level. The results showed that
KIF20A is involved in the regulation of oncogenic pathways in most
tumors. For example, KIF20A activates the cell cycle pathway in 75% of
cancer types and inhibits the hormonal ER pathway in 38% of cancer
types (Figure 5C; Supplementary Figure S3B). The above results
indicate that KIF20A is involved in the regulation of various cancer-
related functions and pathways and may be a key target for
tumor treatment.

Abnormal epigenetic modi cations and
genomic mutations are the key
mechanisms for the dysregulated
expression of KIF20A in tumors

The previous results have con rmed that KIF20A is
dysregulated in many tumors and is associated with poor
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prognosis and clinical progression. To clarify the mechanism of
altered KIF20A expression, we delved into the epigenetic and
genomic data of the TCGA pan-cancer cohort. Methylation
difference analysis showed that, compared with adjacent tissues,
KIF20A was hypermethylated in COAD, ESCA, KIRC, KIRP, and
PAAD, and hypomethylated in BLCA, HNSC, LIHC, LUAD,
PRAD, Rectum Adenocarcinoma (READ), and UCEC
(Figure 6A). In addition, correlation analysis revealed that the
expression of KIF20A was signi cantly negatively correlated with
its methylation level in BLCA, LIHC, Ovarian serous
cystadenocarcinoma (OV), PRAD, Skin Cutaneous Melanoma
(SKCM), Testicular Germ Cell Tumors (TGCT), and Uterine
Carcinosarcoma (UCS), and signi cantly positively correlated in
COAD, HNSC, KICH, KIRC, and Thymoma (THYM) (Figure 6B).
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Subsequently, based on previous studies, we explored the
relationship between KIF20A and ten genomic status scores in
the TCGA pan-cancer cohort, including aneuploidy score,
homologous recombination defects, fraction altered, number of
segments, intratumor heterogeneity, nonsilent mutation rate,
silent mutation rate, cta score, indel neoantigens and snv
neoantigens. We divided the patients into four groups (Q1, Q2,
Q3, and Q4) according to the expression of KIF20A, where Q1
represents the 25% of samples with the highest expression level and
Q4 represents the 25% of samples with the lowest expression level.
The heatmap shows the genomic scores of different grouped
samples. We found that as the expression of KIF20A increased,
all ten genomic scores gradually increased, suggesting that KIF20A
may be closely related to genomic instability (Figure 6C).
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FIGURE 5

Functional pathway enrichment of KIF20A in tumors and its regulation of key cancer signaling pathways. (A) Bubble plots show the GSEA analysis of
KIF20A in the TCGA pan-cancer cohort. (B) GSVA analysis revealed the relationship between KIF20A expression and tumor-related functional scores.
(C) Correlation between the expression of KIF20A and the activity of classical oncogenic pathways in GSCA database. * P < 0.05, #FDR<0.05.

In addition, correlation analysis showed that the expression of
KIF20A was signi cantly positively correlated with TMB in
LUAD, ACC, STAD, KICH, READ, COAD, BLCA,
Pheochromocytoma and Paraganglioma (PCPG), KIRC, LIHC,
LUSC, PRAD, and BRCA (Figure 6D). Therefore, we speculate
that genomic aberrations in tumors may affect the expression of
KIF20A. We incorporated mutation information of nine classical
oncogenic pathways in the TCGA pan-cancer genomic data,
including NOTCH Signaling, TP53 Signaling, WNT Signaling,
RTK-RAS Signaling, TGF-Beta, PI3K Signaling, MYC Signaling,
Hippo Signaling and CellCycle Signaling. The heatmap shows the
mutation frequencies of twelve key molecules in the nine pathways
(Figure 6E). Subsequently, we observed the effect of mutations of
these key molecules on the expression level of KIF20A. The bubble
chart shows that in most tumors, mutations of key molecules
mediate changes in the expression of KIF20A. For example, in
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ACC, BLCA, BRCA, ESCA, GBM, KIRC, LIHC, LUAD, LUSC,
PAAD, PRAD, SKCM, STAD, and UCEC, the expression of
KIF20A was signi cantly up-regulated in the TP53 wild-type
group compared with the mutant group (Figure 6F). The above
results indicate that abnormal methylation status and genomic
aberrations are important reasons for the dysregulated expression
of KIF20A in tumors.

Multidimensional immunological analyses
reveal that KIF20A is a potential target for
tumor immunotherapy

There is an intricate connection between cancer genomic

aberrations and anti-tumor immunity. Given the impact of KIF20A
expression on genomic status, we hypothesize its signi cant role in the
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