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Abstract

Clear cell renal cell carcinoma (ccRCC) is the most common type of renal cell carcinoma with high metastatic rate and high
mortality rate, needing to find potential therapeutic targets and develop new therapy methods. The bioinformatics analysis was
used in this study to find the targets. Firstly, the expression profile of ccRCC obtained from The Cancer Genome Atlas (TCGA)
database and GSE53757 dataset were used to identify the significant up-regulated genes. IL20RB, AURKB and KIF18B with the
top efficiency of capable of diagnosis ccRCC from para cancer tissue, were over-expressed in ccRCC samples, and expressed
increasedly with the development of ccRCC. There was the closest correlation between AURKB and KIF18B in these three over-
expressed genes. AURKB (high) or KIF18B (high) were all significantly correlated with higher T, N, M stage, G grade and
shorter overall survival (OS) of ccRCC patients. Furthermore, the ccRCC patients with AURKB (high) + KIF18B (high) showed
worse clinical characteristics and prognosis. Multivariate COX regression analysis indicated AURKB (high) and KIF18B (high)
were all the independent prognostic risk factor without considering the interaction of AURKB and KIF18B. Moreover, consid-
ering the combination of each other, only AURKB (high) + KIF18B (high) expression was an independent prognostic risk factor
for ccRCC patients, but not other situations. Collectively, AURKB was closely associated with KIF18B, and the combined
expression of AURKB and KIF18B may be of great significance in ccRCC.
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Introduction

In 2018, new cases of kidney tumors accounted for approxi-
mately 2% of all new tumors and 1.8% of death cases [1].
Renal cell carcinoma (RCC) is the most common type of
cancers in the kidney, and the most common histological
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subtype is clear cell renal cell carcinoma (ccRCC), which
accounts for about 75% of RCC [2—4]. With the advancement
of surgical methods and the application of targeted drugs,
ccRCC in the early stages usually could be cured [5].
However, it is still difficult to correctly diagnose ccRCC in
early stage. About one third of patients have metastasized at
the time of diagnosis, and they are usually unable to be cured
[6, 7]. In summary, we still need to find new treatments for
ccRCC patients. The molecular biological mechanisms of
ccRCC occurrence and progression have not been fully eluci-
dated until now. It is of great significance for the diagnosis and
treatment of ccRCC patients to explore the mechanism of the
development of ccRCC and to find new markers of ccRCC as
well as corresponding targeted therapies.

Nowadays, many biomedical databases can be used by re-
searchers with the popularity of the Internet and the completion
of the Human Genome Project. For example, the Gene
Expression Omnibus (GEO) and The Cancer Genome Atlas
(TCGA) have accumulated rich gene expression profiles [8,
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9]. By processing and refining the contents of these databases,
we can sort out useful information to gain a profound under-
standing of the mechanisms by which disease progresses, or to
find new therapeutic targets for specific diseases. For instance,
analysis of bioinformatics database suggests that EPICI1 is an
important IncRNA that promotes cell-cycle progression in can-
cer [10], and miR-148a-3p is a potential target for the treatment
of cisplatin-resistant gastric cancer [11]. In the bioinformatics
field of ccRCC, Chen L et al. found that ANLN and CDK1, etc.
may be biomarkers related to the progression and prognosis of
ccRCC [12]; Song J et al. found that two novel IncRNAs
(DNM1P35 and MIR155HG) may act as prognostic bio-
markers for predicting the survival of ccRCC patients [13].
Our study comprehensively used the latest updated bioinfor-
matics databases to analyze the gene expression profile of
ccRCC samples for finding new potential therapeutic targets.

In the present study, we identified differentially expressed
genes (DEGs) that were up-regulated in ccRCC samples com-
pared to adjacent cancer samples, and which were significant-
ly up-regulated with the progression of ccRCC. Meanwhile,
we validated the above results using GSE53757 dataset. We
also analyzed the correlation between up-regulated DEGs as
well as the relationship between up-regulated DEGs with the
clinicopathological features and prognosis of ccRCC patients.
Through the bioinformatics analysis, we can identify key
genes that are expected to be potential prognostic markers or
to be new therapeutic targets of ccRCC patients.

Materials and Methods
Data Collection

RNA-Seq data were downloaded from TCGA database
(https://cancergenome.nih.gov/), including 539 c¢ccRCC
samples and 72 paired adjacent cancer samples. These
ccRCC samples included 331 cancer samples with AJCC
stage I/IT and 205 stage III/IV samples. Moreover, an indepen-
dent dataset of GSE53757 obtained from GEO database
(https://www.ncbi.nlm.nih.gov/geo/) was as a test set to
validate our results.

Identification of Differentially Expressed Genes

The “edgeR” package of R software was used to screen the
DEGs meeting the cutoff criteria with [log,FC=1| and P val-
ue<0.01, which were considered statistically significant. First,
DEGs that differentially expressed in ccRCC samples and
adjacent samples were screened out. Then, DEGs that differ-
entially expressed in stage III/TV compared to stage I/II cancer
samples were selected. The genes up-regulated in both groups
served as candidate genes associated with the development of
ccRCC.
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The receiver operating characteristic (ROC) curve was
used to evaluate the diagnostic efficiency of candidate genes
involving in the differential diagnosis of cancer and para can-
cer tissue. These genes with the area under the curve (AUC) >
0. 95 being considered have high diagnostic value, which
were regard as important candidate genes related to the devel-
opment of ccCRCC. Spearman correlation analysis was used to
explore the relationship of candidate key genes.

GEO Dataset Validation

GSE53757 dataset included 72 ¢ccRCC samples and 72 adja-
cent cancer samples, of which cancer samples including 43
cases of stage I/Il and 29 stage III/IV cases. GSE53757 dataset
was used to verify the differential expression and correlation
of candidate key genes in ccRCC samples.

Clinical Value and Prognostic of Candidate Key Genes
in ccRCC

According to the median value of candidate key genes,
ccRCC samples were divided into high expression group
and low expression group. Meanwhile, clinical information
of 537 ccRCC patients was also downloaded from TCGA
database. We analyzed the clinical value of candidate key
genes in ccRCC patients. Clinical factors considered including
age, T stage, N stage, M stage and G grade. Kaplan-Meier
survival curves were plotted using the Log-rank method to
evaluate the prognostic value of candidate key genes in
ccRCC patients. Univariate and multivariate COX regression
analysis were performed on ccRCC patients.

KEGG Pathway Enrichment Analysis

The co-expression tool in cBioPortal (http://www.cbioportal.
org/) was used to analyze the co-expression genes of candidate
key genes in ccRCC, Spearman correlation coefficient > 0.5
were considered positive co-expression genes. DAVID
(https://david.ncifcrf.gov/) was used to perform KEGG
pathway enrichment analysis of these co-expression genes.

Statistical Analysis

Statistical analysis was performed using SPSS 23.0 and
GraphPad Prism 7.0. ROC curve was used to assess the diag-
nostic efficiency of DEGs in ccRCC patients. The differential-
ly expressed analysis of candidate key genes was evaluated by
Mann-Whitney U test. P values for differential analysis of the
paired samples were derived from Wilcoxon signed rank test.
Spearman analysis was performed on the correlation between
candidate key genes. Chi-square test or Fisher’s exact proba-
bility test was used to evaluate the association between the
expression of candidate key genes and clinicopathological
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features in ccRCC. Log-rank method was used to draw
Kaplan-Meier curves to evaluate overall survival (OS) of
ccRCC patients, univariate and multivariate Cox regression
analysis was used to assess prognostic risk factors for
ccRCC patients. P<0. 05 was considered statistically
significant.

Results

AURKB and KF18B are Candidate Key Genes of ccRCC

In order to identify candidate key genes related to the devel-
opment of ccRCC, the “edgeR” package was used to analyze
the DEGs of ccRCC samples, and up-regulated DEGs were
selected. A total of 5778 up-regulated genes were identified
by differential analysis of ccRCC tumor samples and adjacent
samples, and the differential expression analysis between
stage III/IV samples and stage I/Il samples were screened
out 488 up-regulated genes. After comparing the up-
regulated genes, 254 genes were selected as they intersected
in the two groups of up-regulated genes, these intersection
genes were considered to be important candidate genes in-
volved in the development of ccRCC (Fig. 1a).

The ROC curve was used to obtain genes which were ca-
pable of diagnosis ccRCC from para cancer tissue efficiently.
IL20RB, AURKB and KIF18B showed high predictive accu-
racy to distinguish ccRCC from adjacent cancer samples with
AUC value greater than 0.95 (Fig. 1b). Further comparing the
expression of the above 3 genes in ccRCC samples and adja-
cent cancer samples, we found that the expression levels of
them were significantly up-regulated (p <0.0001) in ccRCC
samples compared with all adjacent samples (Fig. 1c) or
matched adjacent samples (Fig. 1d). Comparing the differen-
tial expression of the above 3 genes in ccRCC samples with
different clinical stages, it was found that patients with stage
III/TV were significantly higher than those in stage I/11
(p<0.0001) (Fig. 1e).

Spearman correlation test was performed on the expression
values of IL20RB, KIF18B and AURKB in ¢cRCC, and
the closest positive correlation between AURKB and
KIF18B was found (Fig. 1f, AURKB&KIF18B, r=
0.913, p<0.0001; IL20RB&AURKB, r=10.547, p <0.0001;
IL20RB&KIF18B, r=10.520, p<0.0001). This result sug-
gested that the interaction of AURKB with KIF18B may be
an important event in the development of ccRCC.

GSE53757 Dataset Verified the Correlation
between AURKB and KIF18B in ccRCC

GSES53757 dataset was used as a test set to verify the expres-
sion and correlation of candidate key genes in ccRCC. We
found that AURKB expression level in ccRCC samples was

significantly higher than adjacent cancer samples
(Fig. 2a, p<0. 0001) and the AURKB expression level
of stage III/IV ccRCC samples were significantly up-
regulated than that of stage I/Il samples (Fig. 2b, p=
0.0138). The expression level of KIF18B had a signifi-
cant difference in ccRCC samples versus adjacent sam-
ples (Fig. 2¢, p<0.0001), meanwhile, KIF18B expres-
sion was significantly increased as the pathological
stage of ccRCC progressing (Fig. 2d, p=0.0002).
GSES53757 dataset also verified the close correlation be-
tween AURKB and KIF18B in ccRCC samples (Fig. 2e,
r=0.572, p<0. 0001).

The Relationship between AURKB and KIF18B
Expression and Clinical Characteristics of ccRCC
Patients

To further explore the relationship between the expression of
AURKB and KIF18B and clinical features, clinical data of
ccRCC including 537 samples were downloaded from the
TCGA database. The expression levels of AURKB and
KIF18B were divided into high expression group and low
expression group according to the median expression value.
Table 1 summarized the correlation between AURKB,
KIF18B expression levels and various clinical characteristics
of ccRCC patients. The high expression levels of AURKB and
KIF18B were found to be significantly correlated with
T stage (p<0.0001, p<0.0001), N stage (p=0.008, p=
0.005), M stage (p<0.0001, p<0.0001) and G grade
(p<0.001, p<0.0001). These results revealed that
AURKB and KIF18B playing important roles in the
progression of ccRCC.

The significant correlation between the expression of
AURKB and KIF18B in ccRCC has been demonstrated by
the above research results. We continued to investigate the
correlation between the combined expression of AURKB
and KIF18B with different clinical characteristics of ccRCC
patients (Table 2). The different subgroups of the combined
expression of AURKB and KIF18B in ccRCC samples in-
cludes 235 cases of AURKB (high) + KIF18B(high) expres-
sion, 235 cases of AURKB (low) + KIF18B (low) expression,
30 cases of AURKB (high) + KIF18B (low) expression, and
30 cases of AURKB (low) + KIF18B (high) expression. T, N,
M stage and G grade were not significantly different among
AURKB (high) + KIF18B (low) expression samples or
AURKB (low) + KIF18B (high) expression samples compar-
ing with AURKB (low) + KIF18B (low) expression samples.
In addition, there was no significant difference found in vari-
ous clinical characteristics, except G grade (p=0.020), in the
comparison of samples with AURKB (high) + KIF18B (low)
expression and samples with AURKB (low)+KIF18B (high)
expression. However, T stage (p<0.0001), N stage (p=0.001),
M stage (p=0.0001) and G grade (p<0.0001) of AURKB
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AURKB Expression(FPKM-UQ,log2)

Fig. 1 The close relationship between DEGs AURKB and KIF18B in
c¢cRCC based on TCGA database (a) Venn diagram of up-regulated
genes differentially expressed in ccRCC samples vs adjacent samples and
stage III/IV ccRCC samples vs stage I/Il samples. b Receiver operating
characteristic (ROC) curves of IL20RB, AURKB and KIF18B sorted by
area under the curve (AUC) in ccRCC. ¢ Differential expression of
IL20RB, AURKB, KIF18B in adjacent samples compared with ccRCC
samples. d Differential expression of IL20RB, AURKB, KIF18B in

(high) + KIF18B(high) expression samples increased signifi-
cantly compared with non-(AURKB (high) + KIF18B (high))
expression samples. These results further described that only
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KIF18B Expression (FPKM-UQ,log2) AURKB Expression(FPKM-UQ,log2)

adjacent samples compared with matched ccRCC samples. e
Differential expression of IL20RB, AURKB, KIF18B in stage I/I1
ccRCC samples vs stage III/IV samples. f The correlation of IL20RB,
AURKB, KIF18B in ccRCC samples. The p value of the differential
expression scatter plots was derived from the Mann Whitney U test, the
differential expression of paired samples was calculated using Wilcoxon
signed rank test to calculate p value and the correlation coefficient was
calculated by Spearman

when AURKB and KIF18B were highly expressed simulta-
neously, can they play important roles in the development of
ccRCC.
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The Expression Levels of AURKB and KIF18B
are Associated with Overall Survival (0S) in ccRCC
Patients

The expression of AURKB and KIF18B were divided into
high expression group and low expression group according
to the median expression value. K-M survival curves were
plotted in order to investigate the prognostic value of
AURKB and KIF18B expression in ccRCC patients. We
found that high expression of AURKB (Fig. 3a, p <0.0001)
and KIF18B (Fig. 3b, p <0.0001) were negatively related to
OS of ccRCC patients.

We also analyzed the association of the combined expres-
sion of AURKB and KIF18B with the OS in ccRCC patients.

AURKB Expression (log2)

It was found that there was no significant difference in OS
between ccRCC patients with AURKB (low) + KIF18B
(low) expression, AURKB (high) + KIF18B (low) expression
and AURKB (low) + KIF18B (high) expression (Fig. 3¢, p=
0.955); Compared with AURKB (high) + KIF18B (high) ex-
pression samples, the additional samples of combined expres-
sion were associated with longer OS in ¢ccRCC patients
(p<0.0001, Fig. 3d. AURKB (high) + KIF18B (high) vs
AURKB (low) + KIF18B (low), p<0.0001, Fig. 3e;
AURKB (high) + KIF18B (high) vs AURKB (high) +
KIF18B (low), p=0.015, Fig. 3f;, AURKB (high) + KIF18B
(high) vs AURKB (low) + KIF18B (high), p=0.015, Fig. 3g;
AURKB (high) + KIF18B (high) vs non-(AURKB (high) +
KIF18B (high)), Fig. 3h, p<0.0001).
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Table 1 Correlation of AURKB and KIF18B expression with
clinicopathological features in ccRCC patients

Characteristics ~ KIF18B AURKB
low  high  pvalue low  high  pvalue
Age (years)
<60 125 139 0.224 129 135 0.602
>60 140 126 136 130
T Stage
T1+T2 203 137 <0.0001 206 134 <0.0001
T3 +T4 62 128 59 131
N Stage
NO 117 122 0.005 111 128 0.008
N1 2 14 2 14
M Stage
MO 226 194 <0.0001 227 193 <0.0001
M1 18 60 18 60
Grade
Gl1+QG2 146 95 <0.0001 155 86 <0.0001
G3+G4 113 168 104 177

P value was derived from Pearson’s chi-square test

The univariate and multivariate Cox proportional hazard
models were used to calculate the influence of each clinico-
pathological features on the OS in ccRCC patients. The uni-
variate Cox regression analysis showed age (HR, 1.748,

95%Cl, 1.286-2.376), T stage (HR, 3.152, 95%CI, 2.326—
4.272), N stage (HR, 3.411, 95%CI, 1.810-6.428), M stage
(HR, 4.323, 95%CI, 3.163-5.908), G grade (HR, 2.668,
95%CI, 1.893-3.759), AURKB expression (HR,2. 459,
95%CI, 1.779-3.398) and KIF18B expression (HR, 2.434,
95%CI, 1.768-3.351) were all associated with shorter OS of
ccRCC patients (Table 3). Moreover, we investigated the as-
sociation of the combined expression of AURKB and KIF18B
with the OS in ccRCC patients. Compared with AURKB
(low) + KIF18B (low) expression samples (HR, 1.383,
95%CI, 1.236-1. 549), AURKB (high) + KIF18B (low) ex-
pression (HR, 1.539, 95%CI, 1.075-2.205), AURKB (low) +
KIF18B (high) expression (HR, 2.882, 95%CI, 1.176—7.064)
and non-AURKB (high) + KIF18B (high) expression (HR,
1.384, 95%CI, 1.247-1.537), samples with AURKB (high) +
KIF18B (high) expression have significantly shorter OS in
ccRCC patients.

The multivariate Cox regression analysis included four dif-
ferent models: Besides age, T stage, N stage, M stage, G
grade, Model a adopted AURKB expression levels alone;
Model b only adopted KIF18B expression levels; Model c
included AURKB expression levels and KIF18B expression
levels simultaneously; Model d included the combined ex-
pression of AURKB and KIF18B (Table 4). In Model a and
Model b, AURKB expression (HR =1.955, 95%CI, 1.203—
3.176) and KIF18B expression (HR =2.077, 95%CI, 1.282—
3.365) were important independent prognostic risk factors of
shorter OS in ccRCC patients respectively. In model c,

Table 2 Association of the

combined expression of AURKB Characteristics Combination of AURKB and KIF18B p value®
and KIF18B with clinical features ]
in ccRCC patients 1 2 3 4 p* p p° p’
Age(years)
<60 108 17 21 118 0.269 0.013 0.284 0.869
>60 127 13 9 117
T Stage
T1+T2 181 22 25 112 0.653 0.434 0.347 <0.0001
T3 +T4 54 8 5 123
N stage
NO 99 18 12 110 1 1 - 0.001
N1 2 0 0 14
M Stage
MO 202 24 25 169 0.431 0.442 1 0.0001
Ml 15 3 3 57
Grade
Gl1+QG2 134 12 21 74 0.055 0.228 0.020 <0.0001
G3+G4 95 18 9 159

“1, AURKB (low) + KIF18B(low); 2, AURKB (high) + KIF18B (low); 3, AURKB (low) + KIF18B (high); 4,

AURKB (high) + KIF18B (high);

#P value obtained from Pearson’s chi-square test or Fisher’s exact probability test; p*, 1 vs 2; pb ,1vs3;p°,2vs3;

pt,4vs1+2+3
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Fig. 3 Log-rank method to draw Kaplan-Meier curves to evaluate
the prognostic value of AURKB, KIF18B in ccRCC patients (a) The
influence of AURKB expression on the survival of ccRCC patients; b
The influence of KIF18B expression on the survival of ccRCC patients; ¢
No influence on the survival of ccRCC patients between patients with
AURKB (low) + KIF18B (low) expression, AURKB (high) + KIF18B
(low) expression and AURKB (low) + KIF18B (high) expression; d
The influence of combination of AURKB and KIF18B on the survival
of ccRCC patients; e The influence of AURKB (high) + KIF18B (high)

neither AURKB expression nor KIF18B expression was
independent prognostic risk factors of shorter OS in
ccRCC patients. Model d showed that the combined
expression of AURKB and KIF18B were independent
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with AURKB (high) + KIF18B (low) expression; g The influence of
AURKB (high) + KIF18B (high) expression on the survival of ccRCC
patients compared with AURKB (low) + KIF18B (high) expression; h
The influence of AURKB (high) + KIF18B (high) expression on the sur-
vival of ccRCC patients compared with non-AURKB (high) + KIF18B
(high) expression

prognostic risk factors of shorter OS in ccRCC patients,
and AURKB (high) + KIF18B (high) expression (HR =
2.094, 95% CI,1.297-3.379) significantly shortened the
OS of ccRCCC patients.
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Table 3  Univariate Cox regression analysis of the association between
clinicopathological parameters and overall survival (OS) in ¢ccRCC
patients

Characteristics All cases HR (95%CI) p value

Age (years) (>60/<60) 530
T stage (T3 + T4/T1+T2) 530

1.748 (1.286-2.376) <0.0001
3.152 (2.3264.272) <0.0001

N stage (N1/NO) 255 3411 (1.810-6.42)  <0.0001
M stage (M1/MO) 498 4323 (3.163-5.908) <0.0001
Grade (G3 +G4/G1 +G2) 522 2.668 (1.893-3.759)  <0.0001
AURKB (high/low) 530 2459 (1.779-3.398)  <0.0001
KIF18B (high/low) 530 2.434 (1.768-3.351) <0.0001
Combination of AURKB and KIF18B

“an 470 1383 (1.236-1.549)  <0.0001
42 265 1.539 (1.075-2.205)  0.019
473 265 2.882 (1.176-7.064) 0.021
21 265 1.090 (0.515-2.306)  0.822
3/ 265 0.943 (0.595-1.497)  0.805
41 +2+3 530 1.384 (1.247-1.537)  <0.0001

“1, AURKB (low)+KIF18B (low); 2, AURKB (high) + KIF18B
(low); 3, AURKB (low)+KIF18B (high); 4, AURKB (high)+
KIF18B (high)

KEGG Pathway Enrichment Analysis

In ccRCC, we found 598 genes positively co-expressed with
AURKB and 430 genes with KIF18B through the co-
expression function of cBioPortal. KEGG analysis (Fig. 4)
demonstrated that the enrichment pathway of positive
co-expression genes of AURKB and KIF18B in
ccRCC including cell cycle, HTLV-I infection, oocyte
meiosis, p53 signalling pathway, progesterone-mediated
oocyte maturation, Fanconi anemia pathway, homolo-
gous recombination, etc. These pathways were closely
related to cell mitosis. The functional analysis supported
that AURKB and KIF18B are closely related to the
progression of ccRCC.

Discussion

The cure rate of early-stage ccRCC patients without metasta-
sis is high, conversely, 5-year survival for patients with distant
metastatic decreases to 12% [14]. comparing to other subtypes
of renal cell carcinoma, ccRCC has a higher rate of metastasis
[15], about 20-30% of ccRCC patients have advanced disease
at the time of diagnosis [4]. Therefore, searching for a bio-
marker of the progression related to invasion and metastasis of
ccRCC possess great significance for the treatment of ccRCC
patients. In our study, we performed differential expression
analysis of the ccCRCC RNA expression profile from TCGA
database to find intersection genes that were up-regulated in
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Table 4 Multivariate Cox regression analysis of the association between clinicopathological parameters and overall survival (OS) in ccRCC patients

Model b* Model ¢ Model d*

Model a*

Characteristics

p value

HR (95%CI)

p value

HR (95%CI)

p value

HR (95%CI)

p value

HR (95%CI)

0.05

1.537(1.000-2.362)
1.641(1.013-2.659)
1.367(0.677-2.762)
3.040(1.878-4.924)
1.446(0.863-2.424)

0.036

1.581(1.031-2.426)
1.658(1.022-2.692)
1.385(0.687-2.792)
3.014(1.860—4.881)
1.453(0.865-2.442)
1.329(0.646-2.736)
1.684(0.824-3.442)

0.034

1.590(1.037-2.438)
1.673(1.030-2.716)
1.414(0.703-2.845)
2.973(1.833-4.821)
1.472(0.877-2.468)

0.025

1.627(1.063-2.492)
1.704(1.056-2.749)

1.449(0.719-2.920)

Age (years) (>60/<60)

0.041 0.044
0.383

0.038

0.029
0.3

T stage (T3 + T4/T1 +T2)

N stage (N1/NO)
M stage (M1/M0)

0.363

0.331

<0.0001
0.162

<0.0001
0.158
0.44

<0.0001
0.143

<0.0001
0.115

3.026(1.882-4.867)
1.512(0.905-2.527)
1.955(1.203-3.176)

Grade (G3 + G4/G1 + G2)

AURKB (high/low)

0.007

0.153

0.003

2.077(1.282-3.365)

KIF18B (high/low)

0.002

2.094(1.297-3.379)

Combination of AURKB and

KIF18B (4/1+2+3) "

*1, AURKB (low) + KIF18B (low); 2, AURKB (high) + KIF18B (low); 3, AURKB (low) + KIF18B (high); 4, AURKB (high) + KIF18B (high)



Bioinformatics Analysis Suggests the Combined Expression of AURKB and KIF18B Being an Important Event in...

1591

d

Fanconi anemia pathway -

Proteasome -
Base excision repairq{ e
Homologous recombinationq{

Cell cycle 1

Count
® 10
@ 5
@ 2

HTLV-1 infection - PVaI(t)JgOG
Oocyte meiosis
0.004
Measles A
0.002
p53 signaling pathway O
Progesterone—-mediated oocyte maturation
b 5 10 15 20 25
Fanconi anemia pathway - O
Count
Measles A [
® 10
NF-kappa B signaling pathway A @) . 15
- @ 2
Homologous recombination | (@)
o
DNA replication 1
Cell cycle 1 . PValue
HTLV-I infection A 0.02
Oocyte meiosis
v ® 0.01
p53 signaling pathway - O
Progesterone-mediated oocyte maturation - @
5 10 15 20 25

Fig. 4 Top 10 KEGG enrichment pathway for positive co-expression genes of AURKB and KIF18B in ccRCC samples (a) Top 10 enrichment
pathways of positive co-expression genes of AURKB in ccRCC. b Top 10 enrichment pathways of positive co-expression genes of KIF18B in ccRCC

cancer samples compared with adjacent cancer samples and
up-regulated in stage III/IV ccRCC samples compared with
stage II/II ccRCC samples as well. Finally, two genes
AURKB and KIF18B which were closely related in ccRCC
samples were obtained. GSE53757 dataset verified the

differential expression and correlation of the genes AURKB,
KIF18B in ccRCC samples.

Aurora kinase is a serine/threonine kinase that is a key
regulator of the mitotic process. Aurora kinase family is com-
prised of AURKA, AURKB, AURKC [16]. It has been
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reported that AURKB is highly expressed in a variety of ma-
lignant tumors, such as lung cancer [17], gastric cancer [18]
and liver cancer [19]. And the high expression of AURKB is
associated with tumor invasion and metastasis [20, 21], high
AURKB expression is also associated with poor prognosis in
cancer patients [22, 23]. In this study, we examined the ex-
pression levels of AURKB in 539 ccRCC samples and 72
adjacent cancer samples that obtained from the TCGA data-
base. we found that the expression of AURKB was increased
in ccRCC samples compared with adjacent samples. Our find-
ing that AURKB was up-regulated in ccRCC is consistent
with previous findings showing AURKB over-expression in
multiple tumors. Similar to previous reports, our results indi-
cated that the expression of AURKB increased with the pro-
gression of ccRCC. High AURKB expression was significant-
ly correlated with T stage, N stage, M stage and shorter OS of
ccRCC patients. AURKB has been considered a target for
cancer therapeutics [24]. It has been studied that several
AURKB inhibitors like AZD1152 have done clinical trials
in different stages of advanced solid tumors [25-27]. These
results suggested that AURKB is a potential therapeutic target
for ccRCC patients.

The kinesin superfamily is a class of microtubule-
dependent motor proteins that play an essential role in mitosis
[28]. The alterations in the expression and function of kinesins
make it possible for the emergence of cancer so that specific
kinesins probably become key proteins of cancer therapeutic
targets [28]. KIF18B is a member of the kinesin 8 families
[29]. In the present study, we found that the expression of
KIF18B was significantly increased in ccRCC samples com-
pared with adjacent cancer samples. At the same time, the
expression of KIF18B up-regulated with the development of
ccRCC clinical stage, and high KIF18B expression was sig-
nificantly negatively associated with T stage, N stage, M stage
and prognosis of ccRCC samples. Previous studies have
shown that KIF18B expression is also significantly increased
in a variety of tumors such as cervical cancer, breast cancer,
lung cancer, ovarian cancer and kidney cancer [30, 31]. In
addition, the results of this study are consistent with the find-
ing that the high expression of KIF18B promotes tumor pro-
liferation and migration [30]. Our research supported using
KIF18B as a new target for cancer therapy.

In addition, we found that the expression levels of AURKB
and KIF18B were significantly increased, and both showed a
significant positive correlation in ccRCC samples. Reports on
the correlation between AURKB and KIF18B in tumors have
not been seen currently. In a report mentioning the association
between AURKB and KIF18B, it is mentioned that Aurora
kinase (AURKA and AURKB) can negatively regulate
KIF18B-MCAK complex by phosphorylation of MCAK,
achieving normal spindle assembly and cell division [32].
The negative correlation between AURKB and KIF18B found
in this study occurred at the level of protein expression, which
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was different from the mRNA expression levels of AURKB
and KIF18B in our study. We speculated that AURKB and
KIF18B playing roles in different stages of mitosis, so
the intrinsic mechanism of cells precisely regulates the
protein translation levels of both. Therefore, when ex-
amining a specific link in the process of mitosis, there
is a negative correlation between the protein expression
of AURKB and KIF18B. Both AURKB and KIF18B
are important regulators involved in cell mitosis.
Accordingly, mRNA expression of AURKB and
KIF18B can be increased simultaneously and there is a
close positive correlation in the tissue with strong pro-
liferation, which is not inconsistent with the negative
correlation between the expression of the AURKB and
KIF18B proteins in cells at specific stages of cell
division.

By further analysis of the clinical significance of the com-
bined expression of AURKB and KIF18B in the progression
of ccRCC, we found that AURKB (high) + KIF18B (high)
expression was associated with a significant increase in T
stage, N stage, M stage and G grade in ccRCC patients com-
pared to other subgroups of ccRCC patients. However, the
clinical pathological features of AURKB (low) + KIF18B
(low) expression, AURKB (high) + KIF18B (low) expression,
or AURKB (low) + KIF18B (high) expression were not sig-
nificantly different in ccRCC patients. Furthermore, analyzing
the effect of the combined expression of AURKB and
KIF18B on the prognosis of ccRCC patients, we found that
there were no significant differences in OS between the other
subgroups of ccRCC patients, except the subgroup of patients
with AURKB (high) + KIF18B (high) expression. Compared
with the different subgroups of ccRCC patients described
above, the OS of ccRCC patients with AURKB (high) +
KIF18B (high) expression were significantly shortened.
Moreover, COX regression model analysis found that except
age, TNM stage, G grade, when we examined AURKB ex-
pression or KIF18B expression alone, both were independent
risk factors for prognosis in patients with ccRCC, and when
we examined the effects of AURKB expression and KIF18B
expression on the prognosis of ccRCC patients meantime,
neither was an independent prognostic factor for shorter OS.
We investigated the combined expression of AURKB and
KIF18B on the prognosis of ccRCC patients and found that
AURKB (high) + KIF18B (high) expression was an indepen-
dent risk factor for shorter OS in ccRCC patients. The above
findings indicated that although the progression of ccRCC
patients can be affected by AURKB and KIF18B alone, how-
ever, they have strong dependence on each other due to the
close correlation between AURKB expression and KIF18B
expression. Only when AURKB and KIF18B work simulta-
neously (simultaneous high expression) can the progression of
ccRCC patients be promoted and the prognosis of ccRCC
patients be affected.
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In previous studies, there were also many attempts to use
bioinformatics methods to finding DEGs to predict cancer
therapeutic targets. Our study used a more stringent AUC
value to screen for the top DEGs, focusing on DEGs which
associated with the development of ccRCC. It was found that
AURKB and KIF18B, which are closely related in the
ccRCC samples, can promote the progression of ccRCC
and lead to poor prognosis when both are active. In
summary, the combined expression between the DEGs
AURKB and KIF18B is an important event in the de-
velopment of ccRCC, providing a potential new target
for clinical treatment of ccRCC patients.

Conclusion

Our study revealed the expression of closely related genes
AURKB and KIF18B were all up-regulated in ccRCC sam-
ples, and over-expressed with the development of ccRCC.
AURKB (high) or KIF18B (high) were all significantly cor-
related with shorter OS of ccRCC patients. Moreover,
AURKB (high) + KIF18B (high) expression was an indepen-
dent prognostic risk factor for ccRCC patients considering the
combined effect of them. In summary, the combined effect of
AURKB and KIF18B in ccRCC may be of great significance
for cancer patients.
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