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Purpose: This study aims to carry out a pan-cancer analysis of kinesin family member 23 
(KIF23) and construct a predictive model for the prognosis of clear cell renal cell carcinoma 
(ccRCC) patients.
Methods: We evaluated the differential expression of KIF23 in pan-cancer by The Cancer 
Genome Atlas (TCGA) and Oncomine database. Then, the correlation between KIF23 with 
prognosis, clinical grade, stage, immune subtype, tumor mutation burden (TMB), micro
satellite instability (MSI) and immune microenvironment was explored by TCGA, an 
integrated repository portal for tumor-immune system interactions (TISIDB) and 
cBioPortal. Subsequently, we screened out ferroptosis-related genes (FRGs) related to 
KIF23 and constructed a risk score model. Univariate Cox analysis was used to determine 
independent prognostic factors for ccRCC overall survival (OS), and a nomogram was 
established. Furthermore, gene set enrichment analysis (GSEA) was applied to study the 
biological functions and pathways of KIF23. Finally, quantitative real-time polymerase chain 
reaction (qRT-PCR) was carried out to evaluate the expression of KIF23.
Results: KIF23 was highly expressed in most tumors. Further, KIF23 was strongly corre
lated with prognosis, clinical grade, stage, immune subtype, TMB, MSI and immune micro
environment in different tumors. We found that KIF23 was significantly associated with all 
aspects of ccRCC. Then, 8 FRGs were identified to construct a risk score model together 
with KIF23. And a prognostic nomogram prediction model of OS was established. After 
GSEA analysis, cell cycle, condensed chromosome and other physiological processes were 
screened out. Finally, qRT-PCR verified the high expression of KIF23 in ccRCC cell lines 
than normal kidney cell line.
Conclusion: KIF23 may act as a pivotal part in occurrence and progression of different 
tumors. In ccRCC, KIF23 can be a great prognostic biomarker, and the nomogram based on 
KIF23 may contribute to better treatment plans for ccRCC patients.
Keywords: clear cell renal cell carcinoma, ferroptosis, nomogram

Introduction
According to the latest Global Cancer Statistics, the incidence of renal cell carci
noma (RCC) ranks 12th, with approximately 74,000 new cases in the United States 
in 2020.1 Clear cell renal cell carcinoma (ccRCC) accounts for 70–80% of all RCC 
and is one of the most aggressive pathological type.2 For localized ccRCC, surgical 
interventions are the best options.3 However, about 30% of renal cancer patients 
already present with metastasis at the time of initial diagnosis since there are no 
obvious symptoms in the early stage.4 One quarter of surgically treated patients will 
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eventually develop cancer recurrence and metastasis.5 

Although treatment options have advanced a lot, the prog
nosis of this disease remains poor, especially for patients 
with advanced stages.6 Therefore, this calls for exploration 
of more effective prognostic biomarkers and construction 
of more accurate prognostic models to provide better treat
ment decisions.

Kinesin family member 23 (KIF23), also called 
MKLP1, is the human homolog of mouse KIF23. 
Previous research indicated that KIF23 played an impor
tant role in regulation of cytokinesis.7 Dysfunction of 
KIF23 led to mitotic arrest and the generation of binu
cleated or multinucleated cells, resulting in the appearance 
of tumors.8 Previous studies have also shown that KIF23 
was highly expressed in a variety of tumors and was 
correlated with cancer progression, such as gastric 
cancer,9 gliomas10 and breast cancer.11 Knockdown of 
KIF23 suppressed proliferation of pancreatic ductal ade
nocarcinoma cells.12 These studies suggested that KIF23 
may be an ideal prognostic and therapeutic pan-cancer 
biomarker.

Ferroptosis is a novel form of iron-dependent regulated 
cell death, which is different from apoptosis and autop
hagy. The key characteristic of Ferroptosis is the accumu
lation of excessive reactive oxygen species (ROS) and 
abnormal iron metabolism. Increasing evidence has 
shown that Ferroptosis is involved in the progression and 
metastasis of cancers. Meanwhile, Ferroptosis has also 
became a potential target for cancer therapy.

In this study, we utilized the TCGA database and 
Oncomine to evaluate the differential expression and the 
prognosis value of KIF23 gene in pan-cancer. We also 
explored the correlation of KIF23 expression with clinico
pathological features (tumor stage and grade) and immune 
subtype based on TISIDB. Meanwhile, genomic alteration 
of KIF23 was displayed by using cBioPortal. The correla
tion between KIF23 and microsatellite instability (MSI), 
tumor mutational burden (TMB) and tumor microenviron
ment was studied too. Then we screened out FRGs related 
to KIF23 and constructed a prognosis prediction model for 
ccRCC patients by combining lasso regression and cox 
regression analysis. GSE29609 was employed to validate 
this model. Furthermore, gene set enrichment analysis 
(GSEA) was applied to study the biological functions 
and pathways of KIF23. Finally, we performed qRT-PCR 
to verify KIF23 expression between ccRCC cell lines and 
normal kidney cell line.

This study aimed to explore the relationship between 
KIF23 and various cancer types, especially ccRCC, and con
structed an effective prognosis prediction model for ccRCC 
patients, thus providing insight to a novel antitumor strategy.

Materials and Methods
Data Collection
Mutation, gene expression and clinical information data 
for 33 cancer types were downloaded from TCGA by 
using UCSC Xena13 (https://xena.ucsc.edu/). While 
Expression data for 31 tissues were obtained from GTEx 
(https://commonfund.nih.gov/GTEx). GSE2960914 gene 
expression data was retrieved from GEO database. We 
also collected 259 ferroptosis-related gene from FerrDb 
database.15 One thousand and six hundred forty-six 
KIF23-related genes were collected from Clinical 
Proteomic Tumor Analysis Consortium (CPTAC) database 
(https://cptac-data-portal.georgetown.edu/).

KIF23 Gene Expression Analysis
Differential expression of KIF23 between pan-cancer and 
normal tissues was analyzed by Oncomine database 
(http://www.oncomine.org)16 and the Gene Expression 
Profiling Interactive Analysis (GEPIA) database (http:// 
gepia2.cancer-pku.cn/#analysis). In the Oncomine data
base, the selection criteria were set to P<0.05 and fold- 
change of 1.5.

Analysis of the Relationships Between 
KIF23 and Prognosis, Clinical Phenotype, 
Immune Subtype
The correlation between overall survival and KIF23 
expression was analyzed through univariate cox regression 
analysis. Forest plots were applied to show the P value, 
HR and 95% CI of each variable by the “forestplot” 
R package. Survival curves of different cancers were 
obtained using the Kaplan–Meier method. Tumor grade 
and stage were selected as significant clinical features. 
The relationship between KIF23 expression and stage, 
grade, immune subtype of pan-cancer was investigated 
by TISIDB database (http://cis.hku.hk/TISIDB/index. 
php). P<0.05 was considered as the criteria.

Analysis of KIF23 Genetic Alterations and 
Expression Profiling
cBioPortal database (http://www.cbioportal.org),17 which 
collected a multidimensional cancer genomics data set, 
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was utilized to explore KIF23 genomic alterations includ
ing alternation frequency and type. Meanwhile, we eval
uated overall survival (OS), disease-free survival (DFS) 
and progression free survival (PFS) of KIF23 gene alter
nation through Kaplan–Meier (KM) survival curves.

Analysis of the Relationships Between 
KIF23 and TMB, MSI, Immune 
Microenvironment and Immune 
Checkpoint Genes
TMB reflects somatic mutations in the exon region.18 The 
microsatellite instability (MSI) was calculated by 
R package of PreMSIm.19 The radar charts for TMB and 
MSI were finished by “Fmsb” R package. Estimation of 
Stromal and Immune Cells in Malignant Tumor Tissues 
Using Expression Data (ESTIMATE) was used to inferred 
stromal and immune microenvironment infiltration.20 The 
correlation of KIF23 expression with these scores in pan- 
cancer was displayed on the scatter plots. Meanwhile, we 
studied the correlation between KIF23 and immune check
point (ICP) genes in different cancers. And ICP genes 
were retrieved from previous study.21

Construction and Validation of Prognostic 
Model
KIF23-related genes (KRGs) were obtained from the 
UALCAN database (http://ualcan.path.uab.edu).22 

Ferroptosis-Related Genes (FRGs) were collected from 
FerrDb database. Firstly, we retrieved the intersection 
between KIF23-related genes and FRGs. Second, the 
least absolute shrinkage and selection operator (LASSO) 
regression algorithm was applied to construct risk score 
model using R package “glmnet 4.0”. The KM survival 
analysis was employed to compare the overall survival 
between high-risk and low-risk groups. TimeROC analysis 
was applied to test the prediction accuracy of the model. 
Then, we used univariate COX analysis to determine inde
pendent prognostic factors for ccRCC OS. We regarded 
risk score as an independent predictor and built 
a nomogram associated with the risk score, age, stage 
and stage by R package “RMS” to predict the x-year 
overall recurrence rate.

In order to validate the nomogram, internal validation 
including C-index, calibration plot and decision curve 
analysis (DCA), were carried out based on TCGA data 
by using R package “RMS”. In addition, expression data 
of GSE29609 was used to perform external validation.

Gene Set Enrichment Analysis (GSEA)
To explore the functional role and potential signaling path
way of KIF23, GSEA was performed by GSEA v4.1.0. In 
the present study, gene size ≥100, FDR <0.15, nominal p< 
0.05, |normalized enrichment score (NES)|> 1 and |enrich
ment score (ES)|> 0.60 were regarded as the selection 
criteria for meaningful pathways.

Quantitative Real-Time PCR
The expression pattern of KIF23 gene was evaluated in 
ccRCC cell lines including ACHN, 769-P and normal 
kidney cell line HK-2. These three cell lines were pur
chased from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). We extracted 
total RNA from cells using the HiPure Total RNA Mini 
Kit (Magen, China) and then quantified the RNA with 
NanoDrop. ReverTra Ace qPCR RT Kit (Toyobo, China) 
was used to reverse transcribed the RNA into cDNA. 
Finally, we carried out qRT-PCR with iQTM SYBR® 

Green Supermix (Bio-Rad). KIF23 forward primer: 5ʹ- 
AGTCAGCGAGAGCTAAGACAC-3ʹ, reverse primer: 5ʹ- 
GGTTGAGTCTGTAGCCCTCAG-3ʹ. GAPDH forward 
primer: 5ʹ-TGCACCACCAACTGCTTAG-3ʹ, reverse pri
mer 5ʹ-GATGCAGGGATGATGTTC-3ʹ.

Results
Expression of KIF23 in Pan-Cancer
Firstly, we evaluated the expression of KIF23 in different 
tumors in comparison with normal tissues by Oncomine. 
The results indicated that KIF23 highly expressed in 
bladder cancer, brain and CNS cancer, breast cancer, 
cervical cancer, colorectal cancer, esophageal cancer, gas
tric cancer, head and neck cancer, liver cancer, lung can
cer, lymphoma, melanoma, ovarian cancer, pancreatic 
cancer, prostate cancer and sarcoma (Figure 1A). 
Furthermore, in TCGA database and GTEx database, 
KIF23 expression was significantly elevated in various 
cancers, including adrenocortical carcinoma (ACC), blad
der urothelial carcinoma (BLCA), breast invasive carci
noma (BRCA), endocervical adenocarcinoma (CESC), 
cholangiocarcinoma (CHOL), colon adenocarcinoma 
(COAD), esophageal carcinoma (ESCA), glioblastoma 
multiforme (GBM), head and neck squamous cell carci
noma (HNSC), kidney renal clear cell carcinoma (KIRC), 
brain lower grade glioma (LGG), liver hepatocellular car
cinoma (LIHC), lung adenocarcinoma (LUAD), lung 
squamous cell carcinoma (LUSC), Ovarian serous 
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cystadenocarcinoma (OV), pancreatic adenocarcinoma 
(PAAD), prostate adenocarcinoma (PRAD), rectum ade
nocarcinoma (READ), skin cutaneous melanoma 
(SKCM), stomach adenocarcinoma (STAD), testicular 
germ cell (TGCT), Thyroid carcinoma (THCA), uterine 
corpus endometrial carcinoma (UCEC), Uterine 
Carcinosarcoma (UCS) (Figure 1B).

Prognostic Value of KIF23 Across 
Pan-Cancer
In order to assess the potential prognostic value of KIF23, we 
employed univariate cox regression on the correlation between 
KIF23 expression and prognosis in pan-cancer. The results 
indicated that KIF23 was related to OS in ACC (P<0.0001), 
BLCA (p = 0.0167), KICH (p = 0.001), KIRC (P<0.0001), 
KIRP (P<0.0001), LGG (P<0.0001), LIHC (P<0.0001), 
LUAD (P = 0.0038), MESO (P<0.0001), PAAD 
(P<0.0001), PCPG (P = 0.004), PARD (P = 0.0174), THYM 
(P = 0.0098) (Figure 2A). Meanwhile, Kaplan–Meier survival 
analysis indicated that highly expressed KIF23 was associated 
with worse OS in ACC (P<0.0001, Figure 2B), BLCA 
(P = 0.0167, Figure 2C), KICH (P = 0.001, Figure 2D), 
KIRC (P<0.0001, Figure 2E), KIRP (P<0.0001, Figure 2F), 
LGG (P<0.0001, Figure 2G), LIHC (P<0.0001, Figure 2H), 
LUAD (P = 0.0038, Figure 2I), MESO (P<0.0001, Figure 2J), 

PAAD (P<0.0001, Figure 2K), PARD (P = 0.0174, 
Figure 2L), THYM (P = 0.0098, Figure 2M).

Correlation of KIF23 Expression with 
Clinicopathologic Features and Immune 
Subtypes
We studied the relevance of tumor grade and stage with KIF23 
expression. The results suggested that KIF23 was highly 
expressed in high-grade groups compared with low-grade 
groups in KIRC (r = 0.285, P =2.78e-11, Figure 3A). KIF23 
expression differed in tumor grade of various types of cancers. 
The details are shown in Supplementary Figure 1. The expres
sion of KIF23 was associated with clinicopathologic stage in 
varieties of cancers (details in Supplementary Figure 2). For 
KIRC patients, high KIF23 expression was associated with 
high stage (r = 0.272, P =1.88e-10, Figure 3B). We also 
investigated the role of KIF23 on immune subtypes among 
pan-cancer by TISIDB website. There are six immune sub
types, including C1 (wound healing), C2 (IFN-gamma domi
nant), C3 (inflammatory), C4 (lymphocyte depleted), C5 
(immunologically quiet) and C6 (TGF-b dominant). 
Consequently, KIF23 expression was correlated with different 
immune subtypes in various cancer types (Supplementary 
Figure 3). As for KIRC, KIF23 is significantly different in 
various subtypes (P =2.79e-07, Figure 3C).

Figure 1 Expression profiles of KIF23 in pan-cancer. (A) KIF23 expression in pan-cancers and adjacent normal tissues in the Oncomine database. (B) KIF23 expression 
between tumor samples from TCGA database and normal samples from GTEx database (*P < 0.05, **P < 0.01, ***P < 0.001).
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Figure 2 Correlation of KIF23 expression with OS for pan-cancer in TCGA. (A) Forest plot of the relationship between KIF23 and OS in various cancers. (B–M) Kaplan- 
Meier analysis of OS with significance in twelve cancer types (ACC, BLCA, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PRAD and THYM).

Figure 3 Association between KIF23 expression and tumor grade (A), stage (B) and immune subtypes (C) in KIRC.
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The Landscape of KIF23 Mutation Profile 
in Different Cancers
KIF23 genomic alterations in pan-cancer were ana
lyzed across the cBioPortal website. We found that 
UCEC patients have the highest mutation frequency 
of KIF23, and the main alteration type was “mutation” 
(Figure 4A). Figure 4B shows the 3D structure of 
KIF23 protein. There were 131 mutation sites (includ
ing 112 missense, 12 truncating, 6 splice and 1 SV/ 
fusion) between amino acids 0 and 960 (Figure 4C). 
The results also suggested that altered KIF23 group 
showed better prognosis in overall (P = 0.0449), dis
ease-free (P = 6.244e-3) and progression-free 
(P = 0.0347) survival (Figure 4D).

Correlation of KIF23 Expression with TMB 
and MSI
TMB is closely associated with tumor prognosis and 
immunotherapy response. Our analysis indicated that 
KIF23 was significantly correlated with TMB in various 
cancer (Supplementary Figure 4A). In addition, KIF23 
was related to MSI in different human cancer types 
(Supplementary Figure 4B).

Correlation of KIF23 Expression with 
Immune Microenvironment and Immune 
Checkpoints (ICP) Genes
We analyzed the correlation of KIF23 with stromal and 
immune score, which were obtained by The ESTIMATE 

Figure 4 KIF23 mutation landscape. (A) KIF23 gene alteration types and frequency in pan-cancer. (B) The 3D structure of KIF23 protein. (C) Diagram of protein domain 
mutations of KIF23 in different types of cancer. (D) Survival analysis for OS, DFS and PFS in patients with genetic alterations.
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algorithm, in 33 cancer types. The results suggested that 
KIF23 was significantly correlated with estimate score, 
stromal and immune score in various cancer types 
(Supplementary Figure 5A–C). As for KIRC, KIF23 
was both positively associated with estimate score 
(R =0.28, P =5.87e-11 Figure 5A), immune (R =0.244, 
P =1.41e-08 Figure 5B) and stromal score (R =0.245, 
P =1.17e-08 Figure 5C). We also analyzed the correlation 
of KIF23 with ICP genes in pan-cancer. The result sug
gested that KIF23 expression was significantly associated 
with some ICP genes in several cancers (Supplementary 
Figure 5D).

Construction of Risk Score Model for 
ccRCC
Firstly, we obtained 25 genes from the intersection 
between KIF23-related genes (KRGs) and FRGs 
(Figure 6). Then, we used LASSO regression algorithm 
for feature selection and 10-fold cross-validation to opti
mize the model (Figure 7A and B). Nine genes were 
screened out to construct a predictive risk score model, 
which was described as the formula: risk score = 
(0.3521*expression of BID) + (0.335*expression of 
KIF23) + (0.0135*expression of SLC1A5) + 
(−0.4725*expression of ATG7) + (0.1363*expression of 

Figure 5 Correlation of KIF23 expression with estimate score (A), immune score (B) and stromal score (C) in KIRC.

Figure 6 Common genes between KIF23-related genes (KRGs) and ferroptosis-related genes (FRGs).
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CD44) + (0.2926*expression of ASNS) + (0.0232*expres
sion of PSAT1) + (−0.306*expression of EIF2S1) + 
(0.1273*expression of SLC2A6). Risk scores were calcu
lated, and the ccRCC samples was classified into high-risk 
and low-risk groups on the basis of the median of the risk 
scores (Figure 7C). Figure 7C also shows the survival 
status and time of the model group. Survival analysis 
indicated that the overall survival of patients in high-risk 

group is worse than that of low-risk group (P =4.87e-12, 
Figure 7D). Furthermore, we calculated the area under 
curve (AUC) of the time-dependent ROC curve to assess 
the prognostic value of the signature of these 9 genes. The 
AUC values of signature to predict the OS at 1-, 3-, and 
5-year were 0.771, 0.73, and 0.74, respectively 
(Figure 7E), indicating great sensitivity and specificity of 
this model.

Figure 7 Construction of risk score model for ccRCC. (A) Lasso coefficient profiles of nine genes in ccRCC. (B) Partial likelihood deviance versus log (λ) was drawn using 
LASSO Cox regression model. (C) Risk score, survival time, and survival status in TCGA dataset. The above represents a scatter plot of this risk score from low to high; 
The middle represents the corresponding survival time and survival status scatter plot distributions of different samples risk score; The bottom most plot represents the 
expression heatmap of the genes in this signature. (D) Survival curves for OS in high - and low-risk groups. (E) The ROC curves for risk score model.
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Construction and Validation of 
Nomogram Model for ccRCC
Univariate COX analysis revealed that risk score, age, stage 
and grade could be the independent prognostic factors for 
ccRCC (Figure 8). Therefore, in order to build a clinically 
relevant method to predict prognosis in ccRCC patients, we 
developed a nomogram model to predict 1-, 3- and 5-year 
OS (Figure 9A). There were 4 predictive factors for the 
nomogram, including age, stage, grade and risk score. The 
C-index for the nomogram was 0.784. Decision-curve ana
lysis (DCA) indicated that the net benefit of our model was 
greater than that of all screening or none-screening 
(Figure 9B). The calibration plots suggested that the pre
dicted 1 -, 2 -, 3 -, and 5-year OS probabilities were con
sistent with the actual observations (Figure 9C). 
Subsequently, we employed GSE29609 data from GEO 
database as the external validation for our nomogram 
model. According to our nomogram model, the risk score 
and total points for samples in GSE29609 were calculated. 
GSE29609 samples were classified into high-risk and low- 
risk groups. Survival analysis suggested that patients in the 
high-risk group had worse OS (P = 0.0049, Figure 9D). The 
C-index for test set was 0.728. The calibration plots indi
cated that the predicted 1 -, 2 – and 3 -, OS probabilities 
were consistent with the actual observations in GSE29609, 
too (Figure 9E).

Gene Set Enrichment Analysis
To investigate the biological significance of KIF23 expression 
in ccRCC, we performed GSEA. The results revealed that 
KIF23 was significantly enriched in KEGG signaling path
ways including cell cycle (nominal p < 0.001, n = 124, FDR < 
15%, NES = 2.05, ES = 0.65, Figure 10A). And it was also 
enriched in GO signaling pathways including 

cell_cycle_G1_s_phase_transition (nominal p < 0.001, 
n = 108, FDR < 15%, NES = 2.07, ES = 0.67, Figure 10B), 
condensed chromosome (nominal p < 0.001, n = 181, 
FDR < 15%, NES = 2.07, ES = 0.65, Figure 10C), chromo
some centromeric region (nominal p < 0.001, n = 163, 
NES = 2.01, FDR < 15%, ES = 0.67, Figure 10D), kinetochore 
(nominal p < 0.001, n = 109, FDR < 15%, NES = 196, 
ES = 0.68, Figure 10E).

Quantitative Real-Time PCR
The expression of KIF23 was further validated by qRT- 
PCR in ccRCC cell line. The results suggested that KIF23 
mRNA levels were significantly higher in ccRCC cell line 
(ACHN and 769-P) than normal kidney cell line (HK-2) 
(Figure 11).

Discussion
ccRCC is a lethal urogenital tumor with high fatality rate 
and poor prognosis.23 There are many treatment options 
for ccRCC, including radical nephrectomy, renin sparing 
surgery, and immunotherapy, but the prognosis remains 
poor.24 Many molecularly targeted drugs have been used 
to treat patients with advanced tumors or cancer recur
rence, which greatly improves survival time compared 
with chemoradiotherapy. However, the median DFS time 
and OS time of patients remain short due to the side effects 
of molecular targeted drugs and individual differences in 
patient sensitivity to drugs.25 Therefore, it is of vital 
importance to further explore more effective prognostic 
biomarkers and construct more accurate prognostic 
models.

In this study, we studied the correlation of KIF23 
expression with prognosis, clinicopathologic features, 
immune subtype, TMB, MSI, immune infiltration and 

Figure 8 Univariate Cox analysis for the independent prognostic factors for ccRCC.
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immune checkpoints (ICP) genes for pan-cancer. On the 
basis of the results of these analyses, we found that KIF23 
was significantly associated with all aspects of ccRCC, 
implying that KIF23 could serve as a potential prognostic 
biomarker for ccRCC.

Ferroptosis is a ROS- and iron-dependent form of 
specialized programmed cell death, which occurs accumu
lation of lethal lipid peroxidation.26 Studies have indicated 
that ferroptosis can influence tumor progression and play 
a vital role in different cancers.27,28 Numerous genes have 
been shown to influence cancer formation and progression, 
particularly some of which contributed to aggressive 
malignancy by promoting ferroptosis.27,29

Therefore, we screened out FRGs associated with KIF23 
and built a risk score model for ccRCC on the basis of the 
selected genes and KIF23. Meanwhile, we established 
a nomogram with age, stage, grade, and risk score as predic
tors to predict the survival of ccRCC patients. The external 
data GSE29609 further demonstrated that the prediction per
formance of our nomogram model was great. Finally, qRT- 
PCR also indicated the expression of KIF23 was higher in 
ccRCC cell lines compared with normal kidney cell line.

KIF23 was first found in 1992, which was a plus-end- 
directed motor enzyme.30 Studies have suggested KIF23 as 
a potential biomarker in several tumors.31 KIF23 promoted 
gastric carcinogenesis by activating Wnt/β-Catenin 

Figure 9 Construction and validation of nomogram model for ccRCC. (A) The nomograph model to predict 1-, 3-, and 5-year survival for ccRCC. (B) DCA curves showing 
the net benefit of 1-, 3-, 5-year prediction model. (C) The Calibration curve for assessment of the overall survival nomogram based on TCGA database. (D) Patients from 
GSE29609 were classified into high- and low-risk groups by the risk score model. Kaplan Meier analysis was applied to compare OS between the two groups. (E) The 
Calibration curve for assessment of the overall survival nomogram based on GSE29609 data.
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signaling.32,33 Knockdown of KIF23 inhibited breast cancer 
cell proliferation and induced apoptosis.34 Previous studies 
showed that DNA mutations in KIF23 can be found in half 
of cancer types with upregulated KIF23 expression and that 
CNAs of KIF23 are increased in 30% of tumors tested.35 

Moreover, the p.p916r mutation KIF23 causes a rare inherited 
dyserythropoietic anemia (CDA III) with predisposition to 

blood cancer,36 and they further suggested that overexpression 
of KIF23 in non-small-cell lung cancer (NSCLC) may result 
from CNAs.37 The above studies show that KIF23 expression 
can be regulated by DNA mutations or CNAs. Therefore, 
KIF23 can be used as a new prognostic biomarker or cancer 
drug target for pan-cancer.

Several limitations of this research are as follows. First, we 
used an external dataset for validation, but this remains 
a retrospective study with inherent biases. Second, due to the 
limitation of public databases, the included clinical information 
was limited, and other variables that might affect the prognosis 
of patients were not included, such as specific treatment regi
mens. Therefore, more factors are needed to construct a more 
accurate nomogram. Furthermore, our study only used cell 
lines to verify KIF23 expression, and we still need further 
molecular experiments to verify and explore the function of 
KIF23.

Conclusions
In conclusion, by employing different bioinformatics 
methods, we found that KIF23 is closely associated with 

Figure 10 Gene set enrichment analysis. (A) KEGG pathway analysis of KIF23 in ccRCC. (B–E) GO functional annotation of KIF23 in ccRCC.

Figure 11 Validation of KIF23 mRNA expression in ccRCC and normal cell lines 
(***P < 0.0001, ****P < 0.00001).
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cancer initiation and prognosis. In ccRCC disease, KIF23 
may be regarded as a potential prognostic biomarker, 
which contributes to the early diagnosis and treatment of 
the disease. Furthermore, a prognostic model based on 
KIF23 as well as KIF23-related FRGs is an important 
means to predict the OS of ccRCC patients. The nomo
gram of the present study may serve as a reliable tool to 
guide clinical work and better formulate personalized 
treatment regimens for ccRCC patients.
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