
Research Article
The Prognostic Assessment of CDC20 in Patients with Renal Clear
Cell Carcinoma and Its Relationship with Body Immunity

Jiaqi Shi ,1,2 Yinhao Chen ,2,3 Xiameng Gu,1,2 Xuerong Wang,1,2 Jing Liu,1

and Xiaolan Chen 1

1Department of Nephrology, Affiliated Hospital of Nantong University, Nantong 226001, Jiangsu, China
2Nantong University School of Medicine, Nantong 226001, Jiangsu, China
3Department of Urology, Affiliated Hospital of Nantong University, Nantong 226001, Jiangsu, China

Correspondence should be addressed to Xiaolan Chen; chenxl8448@sina.com

Received 25 March 2022; Revised 22 April 2022; Accepted 29 April 2022; Published 8 June 2022

Academic Editor: Yuvaraja Teekaraman

Copyright © 2022 Jiaqi Shi et al.-is is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

-is article analyzes the relationship between cell division cycle (CDC20) molecules and oncology outcomes in patients with renal
clear cell carcinoma (KIRC). CDC20 appears to act as a regulatory protein interacting with many other proteins at multiple points
in the cycle. -e RNA sequencing data and corresponding clinical information of CDC20 molecules were obtained from -e
Cancer Genome Atlas (TCGA) database.-e expression of CDC20 in kidney renal clear cell carcinoma tissue and adjacent normal
tissue was detected by immunohistochemical methods. Logistic analysis was performed to analyze the role of CDC20 in the
clinicopathological characteristics and prognosis of KIRC. Gene Set Enrichment Analysis (GSEA) was used to identify the signal
pathways which were related to CDC20. Independent prognostic factors were evaluated using univariate and multivariate Cox
regression analysis. A nomogram involved in CDC20 expression and clinicopathological variables was conducted to predict
overall survival (OS) in KIRC patients at 1, 3, and 5 years. Furthermore, the relation between CDC20 and immunity was also
studied. Our results showed that CDC20 was upregulated in kidney renal clear cell carcinoma tissues, accompanying shorter OS
(all P< 0.05). According to the results obtained by immunohistochemistry and TCGA database, CDC20 was significantly
upregulated in kidney renal clear cell carcinoma tissues compared with neighboring normal kidney tissues. Univariate and
multivariate Cox regression analysis showed that high expression of CDC20 was an independent prognostic factor of poor
prognosis in kidney renal clear cell carcinoma patients (all P< 0.05). GSEA analysis suggested that the high expression of CDC20
was related to eight multiple signaling pathways. In addition, CDC20 was linked to tumour mutation burden (TMB), immune
checkpoint molecules, tumour microenvironment, and immunological infiltration.

1. Introduction

Solid kidney tumors (SKT) are one of the most common
malignant tumors globally, accounting for 2%-3% of adult
malignancies [1, 2]. KIRC is one of the most aggressive
malignancies in the urinary system. According to statistics,
its incidence accounts for 80% of tumors that have become
the focus of treatment and translational research. In most
cases, KIRC is not sensitive to radiotherapy and chemo-
therapy and can only be removed by surgery. However,
although surgeries have been operated on the KIRC patients,
30% of patients develop distant metastases finally [1, 3].
With the development of science and technology, the OS of

KIRC patients has been improved by introducing immu-
notherapy, and established angiogenesis therapies have also
been combined in selected patients. However, the treatment
response of patients is different [4]. -erefore, for targeted
therapy of KIRC patients, the discovery of predictive bio-
markers is essential. After CDC20 was discovered nearly half
a century ago, its initial role was mainly elucidated in
regulating the progression of the cell cycle. Cells with
CDC20 mutations prevent cell division and prevent the cell
cycle process to later stages and chromosome separation [5].
As we all know, CDC20 (cell division cycle 20 homology)
can activate APC (late promotion complex), which plays a
key role in regulating the cell cycle progression in M and G1
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phases [6]. In terms of mechanism, CDC20 targets a variety
of substrates, including p21 [7], Nek2A (NIMA-related ki-
nase 2) [8, 9], cyclin A [10, 11], SMAR1 (scaffold matrix
junction region binding protein 1) [12], and Mcl-1 (myeloid
leukemia-1) [13] to control the cell cycle process. It has
recently been reported that the abnormal expression of
CDC20 is associated with the malignant progression and
poor prognosis of urothelial bladder cancer, pancreatic
cancer, gastric cancer, astrocytoma, lung adenocarcinoma,
hepatocellular carcinoma, and oral squamous cell carcinoma
[14]. In addition, the high expression of CDC20 is signifi-
cantly related to the advanced tumor stages of breast cancer
[15], prostate cancer [16], colon cancer, and endometrial
cancer [14]. -erefore, CDC20 may become a promising
therapeutic target in the fight against human cancer. More
and more evidences show that CDC20 acts as an onco-
protein in tumorigenesis [6]. -erefore, we examined the
expression of CDC20 in renal cell carcinoma and clinico-
pathological characteristics and evaluated the prognostic
value of CDC20 in renal cell carcinoma. In addition, the
related signal pathways and their relationship with immu-
nity were analyzed, in order to provide reference for future
research.

-e paper is organized in the following way: Section 1
presents the introduction. Section 2 describes the materials
andmethods, and a few subsections describe the experiment.
Section 3 discusses the paper results which are used in the
experiment analysis. Section 4 defines the discussion of all
experiments and results. Section 5 concludes the article.

2. Materials and Methods

-is section defines the data acquisition and processing for
KIRC patients and then describes many experiments.

2.1. Data Acquisition and Processing. -e gene tran-
scriptome and related clinical data of KIRC patients were
downloaded from the TCGA database, including 72 normal
kidney tissue samples and 539 KIRC samples. -en, we
excluded cases that lacked key clinical information and
applied R (https://www.r-project.org/) software to further
analyze the genetic profiles and corresponding clinical in-
formation of the remaining tissue samples. -e software
packages Limma and Beeswarm were used to analyze the
different expression levels of CDC20 mRNA in KIRC pa-
tients in the TCGA database. Finally, the cut-off standard of
statistically significant genes was set as |log2 times change
(FC) >2 and the corresponding P< 0.05. All data were
downloaded by the type of Fragments per Kilobase Million
(FPKM). At the same time, we also verified the expression of
CDC20 in the GSE 15641 dataset, including 23 normal
kidney tissue samples and 32 KIRC samples. All data were
downloaded from the oncoming website in the form of log2
median-centered intensity.

2.2. Immunohistochemical Staining. From 2019 to 2020, the
KIRC tissues and corresponding normal adjacent tissues of
10 patients undergoing radical renal resection in the

Affiliated Hospital of Nantong University were collected for
immunohistochemical staining and data analysis. In order to
further verify the expression of the molecule in the tissues,
the 10 pairs of kidney cancer tissues (KCT) and their cor-
responding adjacent normal tissues were fixed with for-
malin, embedded in paraffin, and subjected to the next step
of CDC20 immunohistochemistry (IHC) staining. -e
CDC20 antibody for immunohistochemical staining was
from Proteintech (about 10252-1-AP). After taking paraffin,
hydrating, and blocking, add anti-CDC20 goat polyclonal
antibody (diluted at 1 :100) and incubate overnight at 4°C.
Finally, under the microscope, all the sections were evalu-
ated by comparing the staining of each kidney cancer
specimen with adjacent specimens. -e scores were mainly
based on the number of positive cells and the staining in-
tensity. Dyeing intensity score 0∼3, respectively, represents
no dyeing to brown. Positive cell score: 0, <5%; 1, 6–25%; 2,
average 26%–75%; 3, >75%. -en, calculate the product of
the IHC total score, which is divided into 4 levels: 0, negative;
1∼4, weakly positive (+); 5∼8, positive (+); 9∼12, strong
positive (+).

2.3. Functional Pathway Enrichment in KIRC by TCGA
analysis. To investigate the gene expression of tumor and
adjacent nontumor tissue in the TCGA database, we used
Limma package (https://www.bioconductor.org/packages/
release/bioc/html/limma.html), DEGs between tumor tis-
sue and paracarcinoma tissues in the TCGA database were
investigated, and the CDC20 expression in different cancer
clinical stages was compared as well. Besides, as an ency-
clopedia of genes and genomes, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis
was conducted to seek out potential pathways, including
visualization, further annotation, and integrated discovery
(https://www.kegg.jp/ or https://www.genome.jp/kegg/)
[17]. It was considered statistically significant as P value
<0.05 and FDR <25%.

2.4. Cox Regression Analysis. We used the Cox proportional
hazard regression model (significance defined as P< 0.05) to
evaluate the expression of CDC20 on overall survival and
other clinical characteristics (clinical stage, histological stage,
histological grade, distant metastasis status, lymph node
status, myometrial infiltration, and peritoneal cytology).

2.5. 3e Establishment of Predictive Nomogram Model. In
order to screen whether CDC20 and these clinicopatho-
logical parameters can be independent factors related to OS,
we established a nomogram model as planned. -e R
software package was used to perform both univariate and
multivariate Cox hazard regression analyses to the KIRC
samples from the TCGA database. In addition, in order to
predict the potential OS of KIRC patients, we used the R
“rms” software package and the “survival” software package
to construct an effective nomogrammodel. After each factor
was divided into points, we added the points of each pa-
rameter to calculate the total points. Finally, we verified the
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nomogram by using the harmonic index (c-index) and the
calibration curve.

2.6. Relationships between CDC20 and Adjacent Genes. To
assess the correlations between the CDC20 and adjacent
genes, the Ensemble Genome Browser was applied to
evaluate the gene expression of KIRC patients from TCGA,
thus identifying these genes based on RPKM values. -en,
we conducted the differential analysis of these genes.
Moreover, Spearman’s correlation coefficient was performed
to evaluate the relationship between these adjacent genes
and CDC20. All the statistical analyses were marked sig-
nificantly scientific as the P value was <0.05.

2.7. Detection of Microsatellite Instability (MSI), Tumour
Mutational Burden (TMB), and Neoantigens. To identify
autosomal microsatellite tracts, we applied MISA (Micro-
satellite, a marking system widely used in plant genetics and
forensic medicine) (https://pgrc.ipkgatersleben.de/misa/
misa.html) to identify autosomal microsatellite bundles; if
more than two of all five markers showed microsatellite
instability, then the tumor was marked as MSI. -e detailed
method was shown according to the previous description
[18]. Besides, we investigated the tumor mutation burden as
the number of somatic nonsynonymous missense (NSM),
analyzing the different expressions of transcriptome data
between tumor tissue and normal tissue adjacent to cancer,
as described above [19, 20]. In addition, without changing
the original settings, we performed HLA detection for tu-
mor-specific neoantigens based on the TCGA database.

2.8. Correlation Analysis of CDC20 in Tumour Microenvi-
ronment and Immune Infiltration. -e correlation analyses
aimed at the CDC20 and six immune cell infiltrations were
conducted by applying the purity-adjusted Spearman to
study the relationship between CDC20 and tumor micro-
environment. Moreover, we evaluated KIRC patients from
the following three aspects: estimated scores, stromal scores,
and immune scores [21]. -e estimate algorithm was
implemented by using a normalized expression matrix.
When the calculated P value was less than 0.05, the dif-
ference was statistically significant. CIBERSORT, as an
important deconvolution algorithm, can predict multiple
potential cell subtypes by analyzing the gene expression of
the mixture [22, 23]. On the basis of a standardized database,
we evaluated the cellular composition of tumor tissues to
detect abundant specific cell types [21, 24]. In this study,
immune cells and immune checkpoint molecules were eval-
uated by detecting their expression levels of them. -e above
analysis was performed using the free online data analysis
platform Sangerbox tool (https://www.sangerbox.com/tool).

2.9. Statistical Analysis. R 4.0 software (https://www.r-
project.org/), SPSS 24.0 (IBM, Chicago, USA), and
GraphPad Prism 7.0 (San Diego, CA, USA) were applied to
handle all the data. -e correlation was implemented by
Wilcoxon signed-rank test and logistic regression; then, the

validation of predictive performance was conducted by the
Kaplan–Meier curves. Also, the univariate and multivariate
Cox regression analyses were conducted, respectively, to
assess whether each factor could predict OS. -e nomogram
model was realized by using the rms package. Ultimately, we
also studied CDC20 from the following three aspects: the
MSI, tumor mutational burden, and neoantigens. Using an
online analysis timer and other accurate analysis methods,
we found the associations between CDC20 and the immune
microenvironment, immune infiltrations, etc. In this study,
P< 0.05 was considered statistically significant.

3. Results

3.1. 3e Expression of CDC20 in KIRC Based on TCGA.
-e mRNA expression levels of CDC20 were acquired and
investigated from TCGA database to identify the differential
expressionpatternsbetweennormal tissues and tumor tissues,
finding that in a majority of tumor tissues, the expression of
CDC20 was higher than its corresponding normal adjacent
tissues, such as Bermuda Laser Class Association (BLCA),
breast cancer gene (BRCA), cholangiocarcinoma (CHOL),
chronic obstructive airway disease (COAD), and Emergency
Services Coordinating Agency (ESCA) (P< 0.05). KIRC was
also included in these tumors; as shown in Figure 1(a), the
expression of CDC20 in renal cancer tissues was significantly
higher than that of normal renal tissue (P< 0.001). -e
findings based on the TCGA database indicated that the ex-
pression of CDC20 was obviously increased in the KIRC
samples compared to thenormalones (P< 0.001; Figure 1(b)).
A pairwise boxplot was also analyzed, suggesting that tumor
samples almost have a higher expression of CDC20 than
normal ones (P< 0.001; Figure 1(c)). Moreover, we also
performed the verification of CDC20 in kidney tumor tissues
in the GSE15641 dataset and obtained the same results as the
former (P< 0.05; Figure 1(d)). In addition, after classifying the
KIRC patients into high- and low-risk subgroups by the ex-
pression of CDC20, the Kaplan–Meier curve was conducted,
showing that patients in the low-CDC20 groups had a higher
OS, DSS (disease-specific survival), and PFI (progression-free
interval) than those in the high-CDC20 groups (P< 0.001;
Figures 1(e)–1(g)).

3.2. Verification of the CDC20 Expression by IHC. -e results
of immunohistochemical staining showed that in the 10
pairs of KIRC tissue blocks, the expression of CDC20 was
higher than that of the corresponding normal tissue adjacent
to cancer, and the degree of the increased CDC20 expression
was individually different. According to the scoring scale,
kidney tumor tissues with low, medium, and high expression
of CDC20 were exemplified as shown in Figure 2 (A–H).

3.3. Association with the Expression of CDC20 and Clinico-
pathologic Variables. Logistic regression analysis was per-
formed to reveal the relationship between the expression level
of CDC20 and clinicopathological variables in KIRC patients.
-eresults inFigure3(a) showed that the expressionofCDC20
in theG3-4 stage was significantly higher than that in theG1-2
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stage (P< 0.001); the expression of CDC20 in stage III-IVwas
higher than that in stage I-II (P< 0.001; Figure 3(b)); the
expression of CDC20 in M1 stage was higher than that in M0
stage (P � 0.00041; Figure 3(c)); the expression of CDC20 in
T3-4 stage was higher than that in T1-2 stage (P< 0.001;
Figure 3(d)).-erefore, KIRC patients with increased CDC20
expression were significantly related to histological grade,

clinical stage, distant metastasis, and histological stage. -e
closer the KIRC was to the advanced stage, the higher the
expression of CDC20 molecules.

3.4. CDC20 Could Serve as an Independent Risk Factor for
Prognostic Evaluation of KIRC. According to the TCGA

*** *** *** *** *** *** *** *** *** *** *** *** *** *** ** ******
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Figure 1: -e expression of CDC20 in KIRC tissues: (a) the expression of CDC20 in different tumor tissues through the TCGA database;
(b) the relative expression of CDC20molecules inKIRC tissues and normal tissues in TCGAdataset; (c) paired box plots corresponding to the
differential expressionofCDC20betweenKIRCandnormal tissues inTCGAdataset; (d)CDC20 expression inKIRCtissue andnormal kidney
tissue inGSE15641 dataset; (e–g) theOS,DSS, andPFI curves ofKIRCpatientswith high and low expression ofCDC20 in theTCGAdatabase.
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Figure 2: (A–H) -e immunohistochemical analysis for 10 pairs of KIRC tissues and their corresponding paracancer tissues.
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Figure 3: Some clinicopathological features related to the expression of CDC20: (a) grade; (b) histological stage; (c) M stage; (d) T stage.
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dataset, we conducted the univariate and multivariate Cox
regression analyses to figure out whether CDC20 expression
could serve as an independent factor associated with OS
(Table 1). -e results showed that, in the univariate Cox
analysis, age (HR� 1.023, P � 0.012), histological grade
(HR� 2.242, P< 0.001), histological stage (HR� 1.862,
P< 0.001), clinical stage (HR� 1.943, P< 0.001), distant
metastasis (HR� 4.073, P< 0.001), lymph node status (HR�

2.932, P< 0.001), and CDC20 expression (HR� 1.578,
P< 0.001) could serve as independent variables (Figure 4(a)).
At the same time, multivariate Cox regression analysis sug-
gested that high CDC20 expression was a categorical inde-
pendent factor associated with the poor prognosis of patients
with KIRC (HR� 1.308, P � 0.020). Moreover, age (HR�

1.034, P< 0.001) and histological grade (HR� 1.413,
P � 0.043)werealso suggestedas independent variables forOS
(Figure 4(b)). In summary, the results suggested that the ex-
pression of CDC20 could be used as an independent indicator
of the prognosis of renal cell carcinoma, and the increased
expression of CDC20 in KIRC indicated a poor prognosis.

3.5. Establishment of a Nomogram for Prognostic Prediction of
Chronic Renal Cell Carcinoma. In order to diagnose and
evaluate the prognosis of renal cancer, a nomogram was
constructed to analyze the relationship between 8 clinico-
pathological characteristics (age, gender, race, grade, stage, T,
M, and N) and CDC20 gene expression (Figure 5(a)). Divide
the points into various factors by the point scale in the no-
mogram, calculate the total number of points, and get it by
calculating all the points. In addition, we could also calculate
the 1-, 3-, and 5-year survival rates of patients with KIRC, and
the corresponding AUC values were 0.863, 0.808, and 0.766,
respectively, indicating that CDC20 could be used as an im-
portant indicator for predicting OS (Figures 5(b)–5(d); Ta-
ble 2). In addition, the corresponding calibration chart provides
similar prediction results as above (Figures 5(e)–5(g)), making
the prediction method for KIRC patients more quantitative.

3.6. CDC20-Related Signaling Pathways Identified by GSEA.
To identify signaling pathways involved in the pathogenesis
of KIRC, we conducted Gene Set Enrichment Analysis
(GSEA) on datasets with different levels of CDC20 ex-
pression. According to their normalized enrichment score
(NES) and false discovery rate (FDR) q value (FDR <0.05),

eight signal transduction pathways were identified and se-
lected, which were cell cycle, DNA replication, insulin
signaling pathway, natural killer cell-mediated cytotoxicity,
MTOR signaling pathway, primary immunodeficiency,
WNT signaling pathway, and TGF beta signaling pathway
(Figure 6 and Table 3). -ese signal transduction pathways
were significantly enriched in the CDC20 expression phe-
notype, whichmight help researchers further understand the
pathogenesis of KIRC.

3.7. Relationships between CDC20 and PPI, MSI, TMB, and
Neoantigen in KIRC. Eleven genes (NUF2, CDCA7, TTK,
CEP55, KIF18A, TICRR, CENPA, PLK1, PKMYT1, HJURP,
and POLQ) were meaningfully related to the expression of
CDC20 according to the results analyzed by PPI network
(Figure 7(a)). In addition, whether CDC20 was related to
MSI, TMB, or neoantigen or not was analyzed based on the
kidney renal clear cell carcinoma samples from the TCGA
database. Ultimately, our results suggested that CDC20 was
obviously related to TMB (P � 0.0055). On the contrary, it
had no association with neoantigen (P � 0.62), whose data
were downloaded from Sangerbox and MSI (P � 0.25)

(Figures 7(b)–7(d)).

3.8. Relationships between CDC20 and the Immune Infiltra-
tions, Tumour Microenvironment, Immune Cells, and
Checkpoint Molecules in KIRC. To explore the relationship
between CDC20 and the 6 immune cell infiltration levels,
we used the online analysis timer for correlation analysis
and found that CDC20 was related with all of them, in-
cluding CD4+ T cell infiltration, B cell infiltration,
macrophage infiltration, neutrophil infiltration, CD8+
Tcell infiltration, and dendritic cell infiltration (P< 0.001;
Figure 8(a)). Moreover, it also showed a considerable
relationship between CDC20 and immune cells
(P< 0.001) and stromal cells (P � 0.0011) (Figures 8(b)–
8(d)); however, it had nothing to do with both of them. To
analyze the correlation between CDC20 and the immune
microenvironment of KIRC better, we collected more
than forty common immune checkpoint molecules from
Sangerbox and then analyzed the relationship between
CDC20 and these immune checkpoint molecules, indi-
cating the significant association between CDC20 and the
following checkpoint molecules such as TNFSF4,

Table 1: Associations with OS and clinicopathologic characteristics in KIRC patients from TCGA by applying univariate and multivariate
cox analysis.

Clinical characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age 1.023 (1.005–1.041) 0.012 1.034 (1.014–1.055) 0.001
Gender 1.013 (0.666–1.541) 0.951 1.130 (0.720–1.772) 0.595
Grade 2.242 (1.682–2.988) <0.001 1.413 (1.010–1.975) 0.043
Stage 1.862 (1.541–2.251) <0.001 1.291 (0.775–2.149) 0.327
T 1.943 (1.538–2.456) <0.001 1.057 (0.657–1.700) 0.819
M 4.073 (2.634–6.300) <0.001 1.918 (0.869–4.237) 0.107
N 2.932 (1.516–5.668) 0.001 1.263 (0.608–2.623) 0.530
CDC20 1.578 (1.304–1.909) <0.001 1.308 (1.044–1.638) 0.020
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TNFRSF9, TNFRSF8, TNFRSF18, and TIGIT in KIRC
(Figure 8(e)). In addition, we further analyzed the cor-
relation between CDC20 and immune cells based on the
KIRC samples from the TCGA database, thus founding
that CDC20 was highly bound to some immune cells,
containing activated CD4 T cells, central memory CD8
T cells, eosinophils, macrophages, neutrophils etc.
(Figure 8(f )).

4. Discussion

Among renal malignancies, renal clear cell carcinoma is one
of the most common histological subtypes. Because renal
clear cell carcinoma is not sensitive to radiotherapy and
chemotherapy and the resistance rate of cancer tissues is
high, partial or radical renal resection has become the best
treatment option for patients with localized renal cancer
lesions. However, about 30% of kidney cancer patients are
found to have metastatic lesions at the first diagnosis and
eventually develop into metastatic renal cell carcinoma
(MRCC) [3, 25]. It is well known that defects in chromosome
segregation may lead to aneuploidy, which is a common
feature of human cancer cells and leads to genome instability
[26–28].-e cell division cyclin 20 homolog (CDC20) serves
as the target of the spindle assembly checkpoint (SAC) and
the key cofactor of the late promotion complex or loop body
(APC/C) E3 ubiquitin ligase, which regulates APC/C. -e
activity of ubiquitin on a specific substrate causes it to be
subsequently degraded by the proteasome, thereby playing
an important function in chromosome segregation and
mitotic exit [29]. -erefore, we commented on the potential
of CDC20 as a target for the treatment of human malignant
tumors based on the bioinformatics database. As far as we
know, few studies have focused on the relationship between
the CDC20 gene and the prognosis of KIRC. -erefore, our
research focuses on the abnormal expression of CDC20 in
the kidneys of KIRC patients and its interaction with the
patients’ prognosis. -is study analyzed the RNA sequence
in KIRC from the TCGA database through bioinformatics
methods.-e expression level of CDC20 in tumor tissue was
significantly higher than that in normal kidney tissue. We
divided KIRC patients from TCGA into two groups with

different expression degrees of CDC20, and Kaplan–Meier
curve analyses were performed according to the two groups.
-e results showed that OS, DSS, and PFI of KIRC patients
in the high CDC20 expression group were significantly lower
than those in the low CDC20 expression group. -e results
of IHC showed that the expression of CDC20 in the tissues
of KIRC was obviously increased compared with the normal
paracancer kidney tissues. Logistic regression analysis
showed that the high expression of CDC20 was related to
gender, tumor grade, clinical stage, T stage, M stage, and N
stage. Univariate and multivariate Cox regression analysis
showed that CDC20 might be an independent prognostic
indicator for patients with KIRC. In order to further study
CDC20-related signal pathways, we used GSEA to analyze
KIRC samples with different CDC20 expression levels from
the TCGA database. Among these pathways, 8 signal
pathways were closely related to the increased expression of
CDC20. -ey were cell cycle, DNA replication, insulin
signaling pathway, MTOR signaling pathway, natural killer
cell-mediated cytotoxicity, primary immunodeficiency,
TGF-β signaling pathway, and WNT signaling pathway. In
terms of immunity, CDC20 was closely related to immune
infiltration as well as immune cells and stromal cells, in-
cluding CD4+ T cell infiltration, B cell infiltration, macro-
phage infiltration, neutrophil infiltration, CD8+T cell
infiltration, and dendritic cell infiltration. Last but not the
least, CDC20 had been confirmed to be related to immune
checkpoint molecules such as TNFSF4, TNFRSF9,
TNFRSF8, TNFRSF18, and TIGIT in KIRC. Evidence has
shown that the expression of CDC20 was related to the
metastasis and poor survival of patients with various tumors,
thus playing an important role in the occurrence and de-
velopment of solid tumors. In addition, similar to our re-
sults, previous studies on prostate cancer showed that
CDC20 maintained the self-renewal ability of CD44+
prostate CSCs by promoting nuclear translocation and
transactivation of β-catenin. In addition, the combination of
CDC20 and CD44 or β-catenin could be used as an im-
portant indicator of the prognosis of prostate cancer patients
[30]. -ere was also evidence that CDC20 molecules may
activate the cell cycle of liver cancer cells, leading to a poor
prognosis for liver cancer patients [31]. Moreover, previous
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Figure 4: Univariate (a) and multivariate (b) Cox regression analysis of clinicopathological variables and CDC20 molecules of KIRC
patients in the TCGA database.
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Figure 5: -e relationship between the CDC20 molecule and the survival rate of KIRC patients verified by nomogram: (a) nomogram to
predict the overall survival rate of KIRC patients in the TCGA database at 1, 3, and 5 years; (b–d) ROC curve used to identify the validity of
nomogram; (e–g) calibration chart for nomogram conformance test in TCGA database.

Table 2: -e AUC (area under the ROC curve) of the nomogram.

1-year 3-year 5-year C-index
AUC 0.863 0.808 0.766 0.757
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Figure 6: Enrichment plots by applying gene set enrichment analysis (GSEA). (a) Cell cycle; (b) DNA replication; (c) insulin signaling
pathway; (d) MTOR signaling pathway; (e) natural killer cell-mediated cytotoxicity; (f ) primary immunodeficiency; (g) TGF beta signaling
pathway, (h) WNT signaling pathway; (i) all the eight most significantly enriched signaling pathways based on their expression.

Table 3: -e results of gene set enrichment analysis.

MSigDB collection Gene set name NES NOM p value

c2.cp.kegg.v7.1.symbols.gmt

CELL_CYCLE 1.908 0.017
DNA_REPLICATION 2.099 0.002

INSULIN_SIGNALING_PATHWAY -1.902 0.004
MTOR_SIGNALING_PATHWAY -1.983 0.016

NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 1.952 0.010
PRIMARY_IMMUNODEFICIENCY 1.973 0.012

TGF_BETA_SIGNALING_PATHWAY -1.960 0.010
WNT_SIGNALING_PATHWAY -1.871 0.016
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Figure 7: Correlations between CDC20 and PPI, TMB, MSI, and neoantigen in KIRC. (a) -e CDC20 in the PPI network. (b) -e
relationship between CDC20 and MSI; (c) the correlation between CDC20 and TMB; (d) the correlation between CDC20 and neoantigens.
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Figure 8: Continued.
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Figure 8: -e relationship between CDC20, immune infiltration, tumor microenvironment, immune checkpoint molecules, and immune
cells of KIRC. (a) -e relationship between CDC20 and immune infiltration; (b–d) the relationship between CDC20 and tumor mi-
croenvironment; (e) the associations between CDC20 and immune checkpoint molecules; (f ) the associations between CDC20 and immune
cells
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studies had shown that dysregulation of Wnt expression
could lead to a variety of developmental abnormalities and
human diseases, such as congenital kidney and urinary tract
abnormalities, gallbladder kidney cancer, and renal cancer,
among which fructose-bisphosphate aldolase A may induce
cell proliferation and metastasis through Wnt/β-catenin
signaling pathway [32, 33]. Because the normal kidney tissue
sample size in the TCGA database was small, this would
cause bias in our experimental results. Our results indicated
that the upregulated expression of CDC20 indicated a poor
prognosis in patients with KIRC. In addition, cell cycle,
DNA replication, insulin signaling pathway, MTOR sig-
naling pathway, natural killer cell-mediated cytotoxicity,
primary immunodeficiency, TGF beta signaling pathway,
and WNT signaling pathway might be the main pathways
regulated by CDC20. Subsequent research was expected to
identify whether CDC20 could become a new target for
immunotherapy.-is will also provide some help for further
exploration of gene-to-gene interactions. -e above results
all show that CDC20 plays a key role in developing KIRC.
-is study showed that CDC20 expression levels were ele-
vated in patients with KIRC, and the increased expression
was significantly associated with OS, immunity, and low
survival. At the same time, CDC20, as an independent
adverse prognostic factor, may serve as a potential prog-
nostic marker and therapeutic target for KIRC patients,
thereby helping clinicians formulate diagnosis and treat-
ment plans, but further research is still needed to confirm.

-is study has some limitations: first, selective bias
cannot be avoided as a retrospective study. Second, the study
object was a patient in the database. Although the sample
size was large, the population diversity was poor. -ird, the
results of the institute were not verified by basic experiments.
Finally, our study failed to explore in-depth the exact
mechanisms by which CDC20 participates in KIRC, and
further elucidation is needed.

5. Conclusion

CDC20 could be used as an independent prognostic factor of
KIRC, indicating poor prognosis in patients. CDC20 could
be used as an independent prognostic factor for clear cell
renal cell carcinoma and was closely related to body im-
munity. CDC20 overexpressed in colon cancer cell lines/
primary cancer tissues compared with normal colon epi-
thelial cell lines\adjacent noncancerous tissues samples.
Furthermore, CDC20 may serve as a potential prognostic
biomarker of human colorectal cancer. In the future, CDC20
will be used in many other cancer therapies.

Data Availability

-e datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
request.

Disclosure

Jiaqi Shi, Yinhao Chen, and Xiameng Gu are co-first authors.

Conflicts of Interest

-e authors declare that they have no conflicts of interest.

Authors’ Contributions

Jiaqi Shi, Yinhao Chen, and Xiameng Gu contributed
equally, and all authors participated in the preparation and
review of the paper.

Acknowledgments

-is work was supported by the Science and Technology
Project of Nantong City (MS22020009). -e authors would
like to thank the authors who built up the TCGA and
GSE15641 datasets. -eir work provided convenience for
this article greatly.

References

[1] A. Cox, Y. Tolkach, J. Stein, G. Kristiansen, M. Ritter, and
J. Ellinger, “Otoferlin is a prognostic biomarker in patients
with clear cell renal cell carcinoma: a systematic expression
analysis,” International Journal of Urology, vol. 28, no. 4,
pp. 424–431, 2021.

[2] B. Ljungberg, K. Bensalah, S. Canfield et al., “EAU guidelines
on renal cell carcinoma: 2014 update,” European Urology,
vol. 67, no. 5, pp. 913–924, 2015.

[3] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2020,” CA: A Cancer Journal for Clinicians, vol. 70, no. 1,
pp. 7–30, 2020.

[4] M. B. Atkins, E. R. Plimack, I. Puzanov et al., “Axitinib in
combination with pembrolizumab in patients with advanced
renal cell cancer: a non-randomised, open-label, dose-finding,
and dose-expansion phase 1b trial,” 3e Lancet Oncology,
vol. 19, no. 3, pp. 405–415, 2018.

[5] L. H. Hartwell, J. Culotti, and B. Reid, “Genetic control of the
cell-division cycle in yeast. I. Detection of mutants,” Pro-
ceedings of the National Academy of Sciences of the United
States of America, vol. 66, no. 2, pp. 352–359, 1970.

[6] G. Shang, X. Ma, and G. Lv, “Cell division cycle 20 promotes
cell proliferation and invasion and inhibits apoptosis in os-
teosarcoma cells,” Cell Cycle, vol. 17, no. 1, pp. 43–52, 2018.

[7] R. S. Hames, “APC/C-mediated destruction of the cen-
trosomal kinase Nek2A occurs in early mitosis and depends
upon a cyclin A-type D-box,” 3e EMBO Journal, vol. 20,
no. 24, pp. 7117–7127, 2001.

[8] S. Geley, E. Kramer, C. Gieffers, J. Gannon, J. M. Peters, and
T. Hunt, “Anaphase-promoting complex/cyclosome-depen-
dent proteolysis of human cyclin A starts at the beginning of
mitosis and is not subject to the spindle assembly checkpoint,”
Journal of Cell Biology, vol. 153, no. 1, pp. 137–148, 2001.

[9] A. Ohtoshi, T. Maeda, H. Higashi, S. Ashizawa, and
M. Hatakeyama, “Human p55(CDC)/CDC20 associates with
cyclin A and is phosphorylated by the cyclin A-Cdk2 com-
plex,” Biochemical and Biophysical Research Communications,
vol. 268, no. 2, pp. 530–534, 2000.

[10] A. Hagting, N. den Elzen, H. C. Vodermaier,
I. C. Waizenegger, J. M. Peters, and J. Pines, “Human securin
proteolysis is controlled by the spindle checkpoint and reveals
when the APC/C switches from activation by CDC20 to
Cdh1,” Journal of Cell Biology, vol. 157, no. 7, pp. 1125–1137,
2002.

12 Contrast Media & Molecular Imaging



[11] L. Wan, M. Tan, J. Yang et al., “APC(CDC20) suppresses
apoptosis through targeting Bim for ubiquitination and de-
struction,” Developmental Cell, vol. 29, no. 4, pp. 377–391,
2014.

[12] M. E. Harley, L. A. Allan, H. S. Sanderson, and P. R. Clarke,
“Phosphorylation of Mcl-1 by CDK1-cyclin B1 initiates its
CDC20-dependent destruction during mitotic arrest,” 3e
EMBO Journal, vol. 29, no. 14, pp. 2407–2420, 2010.

[13] V. Amador, S. Ge, P. G. Santamaria, D. Guardavaccaro, and
M. Pagano, “APC/C(CDC20) controls the ubiquitin-mediated
degradation of p21 in prometaphase,” Molecular Cell, vol. 27,
no. 3, pp. 462–473, 2007.

[14] S. Cheng, V. Castillo, and D. Sliva, “CDC20 associated with
cancer metastasis and novel mushroomderived CDC20 in-
hibitors with antimetastatic activity,” International Journal of
Oncology, vol. 54, no. 6, pp. 2250–2256, 2019.

[15] D. Paul, S. Ghorai, U. S. Dinesh, P. Shetty, S. Chattopadhyay,
and M. K. Santra, “CDC20 directs proteasome-mediated
degradation of the tumor suppressor SMAR1 in higher grades
of cancer through the anaphase promoting complex,” Cell
Death & Disease, vol. 8, no. 6, Article ID e2882, 2017.

[16] Y. Mao, K. Li, L. Lu, J. Si-tu, M. Lu, and X. Gao, “Over-
expression of CDC20 in clinically localized prostate cancer:
relation to high Gleason score and biochemical recurrence
after laparoscopic radical prostatectomy,” Cancer Biomarkers,
vol. 16, no. 3, pp. 351–358, 2016.

[17] M. Kanehisa, Y. Sato, M. Furumichi, K. Morishima, and
M Tanabe, “New approach for understanding genome vari-
ations in KEGG,” Nucleic Acids Research, vol. 47, no. 1,
pp. D590–D595, 2019.

[18] B. Timmermann, M. Kerick, C. Roehr et al., “Somatic mu-
tation profiles of MSI and MSS colorectal cancer identified by
whole exome next generation sequencing and bioinformatics
analysis,” PLoS One, vol. 5, no. 12, Article ID e15661, 2010.

[19] Z. R. Chalmers, C. F. Connelly, D. Fabrizio et al., “Analysis of
100,000 human cancer genomes reveals the landscape of
tumor mutational burden,” Genome Medicine, vol. 9, no. 1,
p. 34, 2017.

[20] L. L. Ritterhouse, “Tumor mutational burden,” Cancer
Cytopathology, vol. 127, no. 12, pp. 735-736, 2019.

[21] K. Yoshihara, M. Shahmoradgoli, E. Martinez et al., “Inferring
tumour purity and stromal and immune cell admixture from
expression data,” Nature Communications, vol. 4, no. 1,
p. 2612, 2013.

[22] B. Chen, M. S. Khodadoust, C. L. Liu, A. M. Newman, and
A. A. Alizadeh, “Profiling tumor infiltrating immune cells
with CIBERSORT,” Methods in Molecular Biology, vol. 1711,
pp. 243–259, 2018.

[23] A. M. Newman, C. L. Liu, M. R. Green et al., “Robust enu-
meration of cell subsets from tissue expression profiles,”
Nature Methods, vol. 12, no. 5, pp. 453–457, 2015.

[24] G. J. Koelwyn, D. F. Quail, X. Zhang, R. M. White, and
L. W. Jones, “Exercise-dependent regulation of the tumour
microenvironment,” Nature Reviews Cancer, vol. 17, no. 10,
pp. 620–632, 2017.

[25] C. Coppin, C. Kollmannsberger, L. Le, F. Porzsolt, and
T. J. Wilt, “Targeted therapy for advanced renal cell cancer
(RCC): a Cochrane systematic review of published rando-
mised trials,” BJU International, vol. 108, no. 10,
pp. 1556–1563, 2011.

[26] N. Derive, C. Landmann, E. Montembault et al., “Bub3-
BubR1-dependent sequestration of CDC20Fizzy at DNA
breaks facilitates the correct segregation of broken

chromosomes,” Journal of Cell Biology, vol. 211, no. 3,
pp. 517–532, 2015.

[27] A. Musacchio, “-e molecular biology of spindle assembly
checkpoint signaling dynamics,” Current Biology, vol. 25,
no. 22, pp. 3017-3018, 2015.

[28] C. Sacristan and G. J. Kops, “Joined at the hip: kinetochores,
microtubules, and spindle assembly checkpoint signaling,”
Trends in Cell Biology, vol. 25, no. 1, pp. 21–28, 2015.

[29] M. Kapanidou, N. L. Curtis, and V. M. Bolanos-Garcia,
“CDC20: at the crossroads between chromosome segregation
andmitotic exit,” Trends in Biochemical Sciences, vol. 42, no. 3,
pp. 193–205, 2017.

[30] A. M. Horning, Y.Wang, C. K. Lin et al., “Single-cell RNA-seq
reveals a subpopulation of prostate cancer cells with enhanced
cell-cycle-related transcription and attenuated androgen re-
sponse,” Cancer Research, vol. 78, no. 4, pp. 853–864, 2018.

[31] F. Wu, Y. Lin, P. Cui et al., “CDC20/p55 mediates the re-
sistance to docetaxel in castration-resistant prostate cancer in
a Bim-dependent manner,” Cancer Chemotherapy and
Pharmacology, vol. 81, no. 6, pp. 999–1006, 2018.

[32] Z. Huang, Y. Hua, Y. Tian et al., “High expression of fructose-
bisphosphate aldolase A induces progression of renal cell
carcinoma,” Oncology Reports, vol. 39, no. 6, pp. 2996–3006,
2018.

[33] Y. Wang, C. J. Zhou, and Y. Liu, “Wnt signaling in kidney
development and disease,” Progress in Molecular Biology and
Translational Science, vol. 153, pp. 181–207, 2018.

Contrast Media & Molecular Imaging 13


