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Purpose: The goal of the current study was to identify potential prognostic biomarkers of 
rhabdomyosarcoma (RMS).
Materials and Methods: We screened chip sequencing datasets of RMS through the gene 
expression omnibus (GEO) database. A total of 74 RMS patient tissues and 39 normal muscle 
cell tissues were analyzed. Limma R software was used to identify the differentially expressed 
genes (DEGs) between RMS tissues and normal controls. The GO plot R package was used to 
visualize the results of the GO analysis. We screened for pathaffy package enrichment of DEGs 
by the Kyoto Encyclopedia of Genes and Genomes (KEGG). The cutoff criterion was a P-value 
<0.05. Immunohistochemistry (IHC) was applied to validate the expression of CDK1 (cyclin- 
dependent kinases 1) and MAD2L1 (Mitotic Arrest Deficient 2 Like 1) in RMS.
Results: We obtained a total of 498 up- and 480 down-regulated DEGs. The hub genes are 
mainly involved in the cell cycle and P53 singling pathway. CDK1 expression was associated 
with tumor size and COG-STS (Children’s Oncology Group-soft tissue sarcoma) staging of 
RMS. For the low CDK1 expression group and high CDK1 expression group, the 5-year 
overall survival (OS) rate was 83.0% vs 63.5% (P = 0.004), and the 5-year event-free 
survival (EFS) rate was 47.5% vs 27.5% (P = 0.049) respectively. When compared low 
MAD2L1 expression group with high MAD2L1 expression group, the 5-year OS rate was 
80.0% vs 43.2% (P = 0.001), and the 5-year EFS rate was 45.1% vs 21.8% (P = 0.038), 
respectively. If patients were divided into three groups: low CDK1 and low MAD2L1 
expression group, high CDK1 or high MAD2L1 expression group, and high CDK1 and 
high MAD2L1 expression group, the 5-year OS rate was 87.1%, 58.6%, 39.6% (P = 0.001), 
while the 5-year EFS rate of RMS patients was 54.2%, 23.2%, 21.7% (P = 0.028), 
respectively.
Conclusion: This study has identified that CDK1 and MAD2L1 were adverse prognostic 
factors of RMS.
Keywords: rhabdomyosarcoma, GEO, TCGA, CDK1, MAD2L1, prognosis

Introduction
Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children, 
which accounts for about 50% of all childhood soft tissue sarcoma1. It is an 
aggressive childhood cancer that is generally defined as skeletal muscle tumor, 
mainly because it typically arise in or near muscle beds and represent features of 
myogenic differentiation.2,3 Over the past 30 years, the survival of patients with the 
non-metastatic disease has improved owing to the application of a multimodality 
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approach that includes chemotherapy coordinated with 
surgery and radiotherapy. In large cooperative group clin-
ical trials, the 5-year OS of RMS has improved substan-
tially, such that it now exceeds 70%.4–8 However, the 
progression-free survival remained around 55–70%,9 It 
remains challenging to define risk factors in a rare cancer 
type with an incidence of 4~5 patients per million indivi-
duals. Historically, pediatric RMS mainly consisted of 
embryonal RMS (ERMS) and alveolar RMS (ARMS). 
For ARMS, PAX-FOXO1 fusion status is a key poor 
prognostic biomarker.10,11 One study demonstrated that 
FANCD2 may be a biomarker and therapeutic target in 
ARMS harboring the PAX3–FOXO1 fusion gene.12 

Studies also found that enrichment of copy number aber-
rations and mutations include CDK4, MYCN, and 
CDKN2A/B affecting cell-cycle regulators. For ERMS, 
Previous studies demonstrated that approximately 50% to 
75% of intermediate- and high-risk RMS patients have 
a gene mutation in the RAS pathway (including HRAS, 
NRAS, KRAS, and NF1).13,14 And RAS pathway muta-
tions are more likely to happen in the embryonal histologic 
subtype. Elizabeth Stewart et al also identified the most 
altered in RMS integrated analysis pathways were G2/ 
M-mitotic spindle and UPR checkpoint. Other less com-
monly mutated genes consisted of TP53, PI3KCA, 
FBXW7, BCOR, FGFR4, and CTNNB1.13 However, the 
effect of targeted therapy for RMS is not satisfactory. It is 
extremely urgent to identify new tumor markers of RMS 
and transform them into clinical practice.

Bioinformatics analysis has gradually been used to 
explore the mechanisms of cancer initiation and progres-
sion to clarify important cancer-related genes in recent 
years. The Gene Expression Omnibus (GEO, http://www. 
ncbi.nlm.nih.gov/ge) experiments and curated gene 
expression profiles,15–19 The Cancer Genome Atlas 
(TCGA, http://cancergenome.nih.gov/) is a large-scale 
cancer genome program, molecularly characterized over 
20,000 primary cancers and matched normal samples 
spanning 33 types of cancer. One obvious advantage of 
GEO and TCGA is that the data from the different centers 
can be integrated to obtain a greater number of clinical 
samples for achieving a more robust analysis, and novel 
cancer-related genes can be found efficiently by mining 
big data sets.20–22 However, few studies focused on the 
prognostic biomarkers of RMS.23 Therefore, we integrated 
datasets selected from the GEO database to identify hub 
genes of RMS and then validated them in RMS human 
tissue samples.

Materials and Methods
Collection of Datasets
In this study, the chip sequencing datasets of RMS were 
identified from the GEO data-base. Gene expression pro-
files of GSE66533, GSE68012, and GSE16382 were 
selected. A total of 74 samples of RMS patient tissues 
were screened, including GSE66533 (N = 58), GSE68012 
(N = 8), and GSE16382 (N = 8). And 39 normal muscle 
cell tissues consisting of GSE12474 (N = 4), GSE48574 
(N = 5), GSE38417 (N = 6), GSE39454 (N = 5), 
GSE38680 (N = 9), and GSE13608 (N = 10) were ana-
lyzed. To ensure the consistency of data analysis, all data 
were obtained from the GPL570 platform (Affymetrix 
Human Genome U133 Plus 2.0 Array, Affymetrix, Santa 
Clara, CA, U.S.A.).

Analysis of DEGs
Affy package was used to read the original CEL files, and 
then the data was integrated. The batch effect was 
removed by the bladder batch package and the data was 
normalized by the limma package. DEGs between RMS 
tissues and normal controls were calculated by the limma 
package. Limma R software was used to compare and 
identify the DEGs between RMS tissues and normal con-
trols. DEGs were identified based on the following cri-
teria: they had a |log2FC| = 2 and a P-value <0.01. The 
DEGs were identified by a comprehensive analysis of the 
above datasets between RMS patient tissues and normal 
muscle cell tissues.

Functional Enrichment and Pathway 
Analysis
Integrating biological information of DEGs was analyzed 
by the Database for Annotation, Visualization, and 
Integrated Discovery (DAVID, version 6.7, https://david. 
ncifcrf.gov/) and FUNRICH Software. Gene ontology 
(GO) enrichment analysis was conducted to analyze the 
functions of the DEGs. The Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis was applied to 
explore the pathway enrichment of DEGs. All the analyses 
were performed using the cluster Profiler package. The 
cutoff criterion was a P-value <0.05.

PPI Network Construction and Module 
Production
The Search Tool for the Retrieval of Interacting Genes/ 
Proteins (STRING; http://www.string-db.org/) was utilized 
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to identify the relevant protein-protein interaction (PPI) for 
the key genes. Only protein pairs with a confidence score 
that was >0.7 were utilized to construct the PPI network. 
Besides, Cytoscape software (http://www.cytoscape.org/) 
was used for visualizing the PPI network of common 
DEGs. Furthermore, with a node score cutoff of 0.2, 
a degree cutoff of 2, a k-core of 2, and a max depth of 
100,24 the gene modules in the PPI network were extracted 
from the Cluster Finding algorithm in MCODE. The plu-
gins CytoHubba and MCODE25 of Cytoscape26 were 
applied to select hub genes and the most important mod-
ules in the network to gain high-connectivity genes and 
functional enrichment.

Bioinformatics Analysis of the Association 
Between Hub Genes and Overall Survival 
in Patients with Sarcoma
Then a set of hub genes signature selected from DEGs 
were validated by GEPIA based on TCGA data and 
demonstrated good performance for predicting 5-year 
OS. The clinical data and gene expression data of 
patients from TCGA were used to validate the hub 
genes selected from DEGs. Kaplan–Meier survival 
curves of 10-year overall survival (OS) were plotted 
for the TCGA cohorts. The survival R package was 
used for survival analysis. And a P-value <0.05 was 
set as the cutoff criterion.

Quantitative RT-PCR for the TOP10 Hub 
Genes
Robust up-regulation of TOP10 hub genes was 
confirmed by quantitative polymerase chain reaction 
(qRT-PCR). RNeasy Plus Mini Kit (Qiagen) was sued 
for RNA isolation from RMS cells. And mRNA expres-
sion was determined by Roche LightCycler® 480 SYBR 
Green I Master. Each experiment was repeated at least 
three times. Forward and reverse primers used for quan-
titative RT-PCR are listed in Table S2. The primers were 
purchased from Shanghai General Biotechnology 
Co., Ltd.

Collection of Patients’ Tissue Specimens 
and Clinical Data
We reviewed the medical records of all patients aged 
<18 years with RMS treated at Sun Yat-sen University 
Cancer Center from May 2003 to November 2017. 
Detailed medical records were collected from our 

institutional database. We extracted data on clinical 
characteristics, histopathology, staging, treatment, and 
outcomes. All patients’ paraffin-embedded RMS speci-
mens were collected. As all patients analyzed were 
under the age of 18 years, informed consent was 
obtained from all patients as well as their custodian. 
This research has been approved by the Ethics 
committee of Sun Yat-sen University Cancer Center.

Immunohistochemistry (IHC)
The antibodies used for IHC consisted of anti-CDK1 rab-
bit monoclonal antibody (EPR165 [ab133327]; Abcam) 
and anti-MAD2L1 mouse monoclonal antibody (17D10 
[ab10691]; Abcam). Slides with lengths of 1~2mm forma-
lin-fixed, paraffin-embedded tissue sections from RMS 
were stained manually. For IHC staining, each slide was 
deparaffinized and rehydrated using xylene and then 
washed by a graded alcohol series and phosphate buffer 
saline (PBS). Antigen repair was performed by boiling the 
tissue slice in 0.01M citric acid buffer (pH6.0) for 15min 
and cooling it naturally to room temperature. Endogenous 
peroxidase was blocked using TBS/H2O2. The sections 
were incubated with first antibodies against human CDK1 
and MAD2L1, and then incubated with goat secondary 
antibody against rabbit and mouse immunoglobulins 
(DAKO) at 37°C for 30 min.

IHC Assessment
Two independent pathologists without knowledge of the 
pathologic and clinical features of the cases assessed IHC 
staining. The CDK1 and MAD2L1 scores were calculated 
as the score of the positive cells count × the score of 
staining intensity. Scores (0~4) indicate low expression 
levels, while scores (5~9) indicate high expression levels. 
The percentage of positive cells were divided into four 
levels (0 [0%], 1 [<25%],2 [25–75%]), and 3 [>75%].27 

And the staining intensity was differentiated into four 
levels (0 [No staining], 1 [Weak: weak staining of 
a minority of the cells], 2 [Moderate: weak staining of 
the majority of the cells or strong staining of a minority of 
the cells], 3 [Strong: strong staining of the majority of the 
cells]).28

Statistical Analysis
SPSS version 21.0 (SPSS, Inc., Chicago, IL, USA) was 
used for statistical analyses. For survival analysis, OS was 
defined as the time from the diagnosis of disease to death 
or last follow-up. EFS was defined as the time from the 
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diagnosis of disease to metastatic disease or recurrent 
disease or death or last follow-up. Survival analysis was 
performed using the Kaplan-Meier plotter with the Log 
rank test. Multivariate analyses for OS and EFS were 
performed using the Cox proportional hazards model. 
A Chi-square test was used to analyze the associations 
between protein expressions and patient characteristics. 
P < 0.05 was considered as statistical significance.

Results
Datasets from the GEO
Based on the cut-off criteria of P < 0.01 and [logFC] = 2 for 
selecting DEGs, a total of 978 DEGs, including 498 up- 
regulated DEGs and 480 down-regulated DEGs were identi-
fied. All DEG volcano diagrams are shown in Figure 2A. As 
shown in Figure 2B, the heat map of the common DEGs 
between RMS tissues and normal controls were shown.

Functional and Pathway Analysis of DEGs 
in RMS
As shown in Figure 3A, GO enriched functions for the 498 
overlapped up-regulated genes were mainly involved in 
tubulin binding, microtubule-binding, ATPase activity, cata-
lytic activity (acting on DNA), extracellular matrix structural 
constituent, and so on. KEGG pathway analysis for the 498 
overlapped up-regulated genes showed that RMS mRNAs 
have a clear relationship with cell cycle, cellular senescence, 
P53 singling pathway, and so on (Figure 3B). While, the GO 

enriched functions for the overlapped 480 down-regulated 
DEGs included actin binding, actin filament binding, coen-
zyme binding, phosphoric ester hydrolase activity, calmodu-
lin-binding, actinin binding, and so on (Figure 4A). And 
KEGG pathways for the 480 overlapped down-regulated 
genes consisted of Adrenergic signaling in cardiomyocytes, 
Cardiac muscle contraction, Calcium signaling pathway, 
Hypertrophic cardiomyopathy (HCM), Dilated cardiomyo-
pathy (DCM), cGMP-PKG signaling pathway, and so on 
(Figure 4B).

TOP 10 Hub Genes of RMS
DEGs PPI network complex and modular analysis were 
shown in Figure S1. The PPI network contains 612 nodes 
and 5129 edges. We screened the top 10 hub genes with 
cytohubba. The TOP ten hub genes included TOP2A (DNA 
Topoisomerase II Alpha), CCNB1 (cyclin B1), UBE2C (ubi-
quitin-conjugating enzyme E2C), KIF11 (kinesin family 
member 11), NCAPG (non-SMC condensin I complex, sub-
unit G), CDC20 (cell division cycle 20), CDK1, MAD2L1, 
CCNA2 (cyclin A2), and CCNB2 (cyclin B2) (Figure 5A) 
(Table S1). All the hub genes were up-regulated. Heat map of 
the TOP10 hub genes between RMS tissues and normal con-
trols were shown in Figure 5B. The GO plot R package was 
used to visualize the results of the GO analysis. We screened 
for pathway enrichment of DEGs by KEGG. GO enriched 
functions for the Top 10 hub genes were involved in cyclin- 
dependent protein serine/threonine kinase regulator activity, 

Figure 1 IHC staining of CDK1 and MAD2L1 expression in RMS. IHC staining for CDK1 demonstrated strong nuclear expression in RMS. (A) Negative control (× 200). (B) 
ERMS (× 200). (C) ERMS (× 200). (D) ARMS (× 200). (E) ARMS (× 200). IHC staining for MAD2L1 demonstrated nuclear or cytoplasm expression in RMS. (F) Negative 
control (× 200); (G) ERMS (× 200). (H) ERMS (× 200). (I) ARMS (× 200). (J) ARMS (× 200). 
Abbreviations: IHC, immunohistochemical; RMS, rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; ARMS, alveolar rhabdomyosarcoma; CDK1, Cyclin-depen-
dent kinases 1; MAD2L1, Mitotic Arrest Deficient 2 Like 1.
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protein kinase regulator activity, protein C-terminus binding, 
kinase regulator activity, histone kinase activity, cyclin- 
dependent protein kinase activity, histone deacetylase binding, 
cyclin-dependent protein serine/threonine kinase activity, 
cyclin binding, and so on (Figure 5C). KEGG pathways of 
TOP10 genes consisted of Cell cycle, Cellular senescence, p53 
signaling pathway, FoxO signaling pathway, and Ubiquitin 
mediated proteolysis, and so on (Figure 5D).

Network Construction and Module 
Analysis of PPI
Module analysis of the PPI network was carried out by 
using mode plug-in of Cytoscape software, and the first 
four core modules were obtained according to the scores 

(Figure 6A, C, E and G). The KEGG pathways of the 
module 1 section were involved in the cell cycle, oocyte 
meiosis, human T-cell leukemia virus 1 infection, p53 
signaling pathway, cellular senescence, progesterone- 
mediated oocyte maturation, mismatch repair, viral carci-
nogenesis, human immunodeficiency virus 1 infection, 
DNA replication, FoxO signaling pathway, pyrimidine 
metabolism (Figure 6B).

The KEGG pathways of the module 2 section contain 
hypertrophic cardiomyopathy (HCM), dilated cardiomyo-
pathy (DCM), cardiac muscle contraction, adrenergic sig-
naling in cardiomyocytes, ubiquitin-mediated proteolysis, 
protein processing in the endoplasmic reticulum 
(Figure 6D).

Figure 2 (A) Volcanic diagram of differentially expressed genes (DEGs). (B) The Heat map of the common DEGs between RMS tissues and normal skeletal muscle tissues. 
Volcano plots for microarray data on DEGs between RMS and normal tissues. Red dots represent up-regulated and green dots indicate down-regulated DEGs. Black dots 
indicate genes that are not differentially expressed. The x-axis indicates transformed (−log10) FDR and the y-axis denotes the value of log2FC. Higher, lower, and same 
expression levels of genes are shown in red, green, and black respectively. Color bars on top of the heat map indicate sample types, with blue and pink representing RMS 
tissues and normal skeletal muscle tissues, respectively. 
Abbreviations: RMS, rhabdomyosarcoma; DEGs, differentially expressed genes; logFC, log fold change; DEGs, differentially expressed genes; RMS, rhabdomyosarcoma.
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The KEGG pathways of the module 3 section contain 
protein digestion and absorption, ECM-receptor interac-
tion, AGE-RAGE signaling pathway in diabetic complica-
tions, amoebiasis, relaxin signaling pathway, focal 
adhesion, human papillomavirus infection, PI3K-Akt sig-
naling pathway, platelet activation, small cell lung cancer, 
proteoglycans in cancer (Figure 6F).

The KEGG pathways of the module 4 section were 
involved gap junction, apoptosis, phagosome, tight junction, 
pathogenic escherichia coli infection, huntington disease, 
alzheimer disease, hippo signaling pathway - multiple spe-
cies, mitophagy – animal (Figure 6H).

Survival Analysis Validation in TCGA
Since there is no database of RMS in TCGA, we used 
the sarcoma database to validate. Firstly, among all the 
TOP 10 hub genes, we validated that the expression 
levels of CCNA2, CDK1, CCNB2, MAD2L1, KIF11, 

and NCAPG were higher in sarcoma tissue than in 
normal tissue by GEPIA (Gene Expression Profiling 
Interactive Analysis, http://gepia.cancer-pku.cn/) 
(Figure 7). Then the associations between the expression 
of hub genes and OS in sarcoma were identified by 
GEPIA. Our analysis demonstrated that high CCNA2 
(Figure 7A), CDK1 (Figure 7B), CCNB2 (Figure 7C), 
MAD2L1 (Figure 7D), KIF11 (Figure 7E), and NCAPG 
(Figure 7F) expression were significantly associated 
with poor OS (P=0.0022, 0.0063, 0.017, 0.018, 0.023 
and 0.037) respectively, while the other four hub genes 
were not associated with OS.

Quantitative RT-PCR for the TOP10 Hub 
Genes
RNA isolated from normal muscle tissue was used as 
normal control (NC). The results of quantitative RT-PCR 

Figure 3 (A) The GO functions of up-regulated genes. (B) The KEGG functions of up-regulated genes. The functions of up-regulated genes were predicted by the analysis of 
KEGG by DAVID tools (https://david.ncifcrf.gov/summary.jsp). 
Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Figure 4 (A) The GO functions of down-regulated genes. (B) The KEGG functions of down-regulated genes. 
Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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(qRT-PCR) confirmed that the mRNA expression of 
TOP10 genes was significantly higher than the NC 
(Figure 5E).

Patient Characteristics
As shown in Table 1, among of the total 107 cases, 74 were 
male (69.2%). The median age at the time of diagnosis was 7 
years (range 1~18). Histologic subtypes included embryonal 
rhabdomyosarcoma (ERMS) (n = 88, 82.6%), alveolar rhab-
domyosarcom (ARMS) (n = 14, 13.0%), spindle cell/scler-
osing rhabdomyosarcoma (SSRMS) (n = 2, 1.7%), 
pleomorphic rhabdomyosarcoma (PRMS) (n = 1, 0.9%), 

mixed rhabdomyosarcoma of embryonal and alveolar types 
(n = 1, 0.9%), and undifferentiated rhabdomyosarcoma (n = 
1, 0.9%). Primary tumor sites included head and neck (n = 
38, 36.5%), genito-urinary region (n = 20, 20.0%), 
Abdominal and pelvic region (n = 18, 16.5%), trunk (n = 
17, 14.8%), extremity (n = 13, 11.3%), and other (n = 1, 
0.9%). More than half (56.5%) of patients tumor size was > 
5cm. Most patients had no distant metastasis at the time of 
diagnosis (n = 93, 86.1%). Nearly half of the patients 
received the combination therapy of surgery, chemotherapy, 
and radiotherapy (n = 47, 40.9%). The median follow-up 
time was 60 months (14.07~159).

Figure 5 (A) TOP10 hub genes. (B) The Heat map of the TOP10 hub genes between RMS tissues and normal skeletal muscle tissues. (C) The GO functions of TOP10 hub 
genes. (D) The KEGG functions of TOP10 hub genes. Higher, lower, and same expression levels of genes are shown in red, green, and black respectively. Color bars on top 
of the heat map indicate sample types, with blue and pink representing RMS tissues and normal skeletal muscle tissues, respectively. (E) Quantitative RT-PCR (qRT-PCR) 
results for TOP10 hub genes. RNA isolated from normal muscle tissue was used as NC. **P<0.01, ***P<0.001. 
Abbreviations: RMS, rhabdomyosarcoma; GO, Gene Ontology; DEGs, differentially expressed genes; KEGG, Kyoto Encyclopedia of Genes and Genomes. qRT-PCR, 
quantitative polymerase chain reaction; NC, normal control; TOP2A, DNA Topoisomerase II Alpha; CCNB1, cyclin B1; UBE2C, ubiquitin-conjugating enzyme E2C; KIF11, 
kinesin family member 11; NCAPG, non-SMC condensin I complex, subunit G; CDC20, cell division cycle 20; CDK1, cyclin-dependent kinases 1; MAD2L1, Mitotic Arrest 
Deficient 2 Like 1; CCNA2, cyclin A2; CCNB2, cyclin B2.
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Figure 6 Top 4 modules with enrichment pathways identified from PPI of DEGs. (A) Module 1; (B) The KEGG functions of Module 1; (C) Module 2; (D) The KEGG 
functions of Module 2; (E) Module 3; (F) The KEGG functions of Module 3; (G) Module 4; (H) The KEGG functions of Module 4. Red nodes represent up-regulated and blue 
nodes indicate down-regulated DEGs. 
Abbreviations: PPI, protein–protein interaction network; DEGs, differentially expressed genes; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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CDK1 and MAD2L1 Were Highly 
Expressed in RMS Patients and Was 
Associated with OS and EFS
We performed immunohistochemistry (IHC) to test two up- 
regulated hub genes CDK1 (Figure 1A–E) and MAD2L1 
(Figure 1F–J) protein expression in RMS tissues. 
Association between CDK1 and MAD2L1 protein expres-
sion and patient clinical characteristics were summarized in 

Table 1. Both CDK1 and MAD2L1 mainly showed staining 
in the nucleus. The results revealed a high CDK1 expres-
sion rate of 42.1% and a high MAD2L1 expression rate of 
33.6% in 107 RMS cases. According to the Chi-square test, 
a significant difference in CDK1 expression was observed 
between patients with tumor size ≤ 5cm and patients with 
tumor > 5cm (P = 0.046, Table 1). The patients with tumor 
diameter > 5cm had more susceptible to high CDK1 

Figure 7 The expression of six hub genes in SARC compared with normal tissue, And OS by low and high gene expression in SARC in TCGA datasets. (A) CCNA2. (B) 
CDK1. (C) CCNB2. (D) MAD2L1. (E) KIF11. (F) NCAPG. *P<0.05. 
Abbreviations: SARC, sarcoma; OS, overall survival; CCNA2, cyclin A2; CDK1, cyclin-dependent kinases 1; CCNB2, cyclin B2; MAD2L1, Mitotic Arrest Deficient 2 Like 1; 
KIF11, kinesin family member 11; NCAPG, non-SMC condensin I complex subunit G.
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expression. Besides, CDK1 expression was associated with 
COG-STS staging of RMS (P = 0.045, Table 1). There were 
no statistically significant differences between MAD2L1 
expression and clinical characteristics. It was found that 
the 5-year OS rate of patients with RMS was 83.0% vs 
63.5% (P = 0.004, Figure 8A) in the low CDK1 expression 
group and high CDK1 expression group, respectively, and 
the 5-year EFS rate of patients with RMS was 47.5% vs 
27.5% (P = 0.049, Figure 8B) in the CDK1 low expression 

group and high expression group, respectively. The results 
showed a high MAD2L1 expression rate of 33.6% in 107 
RMS cases. There was no significant difference between the 
expression of MAD2L1 and patient characteristics. The 
5-year overall survival rate of RMS patients was 80.0% vs 
43.2% (P = 0.001, Figure 8C), and the 5-year EFS rate of 
patients with RMS was 45.1% vs 21.8% (P = 0.038, 
Figure 8D) in low MAD2L1 expression group and high 
MAD2L1 expression group, respectively.

Table 1 Association Between CDK1 and MAD2L1 Protein Expression and Patient Clinical Characteristics

Patient 
Characteristics

n (%) CDK1 P-value MAD2L1 P-value

Low Expression, 
n (%)

High Expression, 
n (%)

Low Expression, 
n (%)

High Expression, 
n (%)

Gender
Male 74 (70.4) 44 30 0.395 46 27 0.198

Female 33 (29.6) 18 15 25 9

Age (years)

< 1 1 (0.9) 0 1 0.397 1 0 0.446

1~10 69 (61.7) 42 27 48 21
> 10 37 (37.4) 20 17 22 15

Tumor diameter
≤ 5cm 47 (43.5) 32 15 a0.046 29 18 0.243

> 5cm 60 (56.5) 30 30 42 18

COG-STS staging

1 16 (14.8) 7 9 a0.045 10 6 0.948

2 26 (23.5) 20 6 18 8
3 49 (45.2) 29 20 34 15

4 14 (13.9) 5 9 9 5

IRS staging

I 4 (4.3) 2 2 0.262 3 1 0.961
II 34 (30.4) 18 16 23 11

III 56 (52.2) 37 19 37 19

IV 13 (13.0) 5 8 8 5

Risk group

Very low risk 4 (3.5) 3 1 0.087 2 2 0.868
Low risk 34 (20.9) 11 13 17 7

Intermediate risk 56 (61.7) 43 22 43 22

High risk 13 (13.9) 5 9 9 5

Histology

ERMS 88 (82.6) 52 36 0.611 59 29 0.611
ARMS 14 (13.0) 8 6 8 6

Location
Favorable 38 (36.5) 21 17 0.693 17 14 0.084

Unfavorable 20 (20.0) 11 9 54 22

Notes: P < 0.05 indicates a significant association among the variables. aSignificant difference. 
Abbreviations: CDK1, cyclin-dependent kinases 1; MAD2L1, Mitotic Arrest Deficient 2 Like 1; Favorable, orbit/eyelid, head and neck (excluding parameningeal), 
genitourinary (not bladder or prostate), and biliary tract; Unfavorable, bladder, prostate, extremity, parameningeal, trunk, retroperitoneal, pelvis, other; ERMS, embryonal 
rhabdomyosarcoma; ARMS, alveolar rhabdomyosarcoma.
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Figure 8 The expression of CDK1 and MAD2L1 was significantly associated with OS and EFS prognosis. (A) The 5-year OS rates of patients with low CDK1 expression and 
high CDK1 expression were 83.0% VS 63.5% (P = 0.004) respectively. (B) The 5-year EFS survival rates of patients with low CDK1 expression and high CDK1 expression 
were 47.5% VS 27.5% (P = 0.049) respectively. (C) The 5-year OS rates of patients with low MAD2L1 expression and high MAD2L1 expression were 80.0% VS. 43.2% (P = 
0.001) respectively. (D) The 5-year EFS survival rates of patients with low MAD2L1 expression and high MAD2L1 expression were 45.1% VS. 21.8% (P = 0.038) respectively. 
When patients were divided into three groups: low CDK1 and low MAD2L1 expression group, high CDK1 or high MAD2L1 expression group, high CDK1 and high 
MAD2L1 expression group, the 5-year OS rates were 87.1%, 58.6%, and 39.6% (P = 0.001, Figure (E)), while the 5-year EFS rates of RMS patients were 54.2%, 23.2% and 
21.7% (P = 0.028, Figure (F)) respectively. 
Abbreviations: OS, overall survival; EFS, event-free survival; CDK1, cyclin-dependent kinases 1; MAD2L1, Mitotic Arrest Deficient 2 Like 1.
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Co-Expression of CDK1 and MAD2L1
With condition cor > 0.5 and P < 0.05, CDK1 and MAD2L1 
were co-expressed in tumor chip (Figure S2). CDK1 and 
MAD2L1 are linearly correlated. When patients were divided 
into three groups: low CDK1 and low MAD2L1 expression 
group, high CDK1 or high MAD2L1 expression group, high 
CDK1 and high MAD2L1 expression group, the 5-year OS 
rate were 87.1%, 58.6%, and 39.6% (P = 0.001, Figure 8E), 
while the 5-year EFS rate of RMS patients was 54.2%, 23.2% 
and 21.7% (P = 0.028, Figure 8F) respectively.

Discussion
RMS represents a high-grade neoplasm of skeletal myo-
blast-like cells. Although advancements in molecular biol-
ogy and genetics have enabled a more sophisticated 
understanding of RMS pathogenesis, the next step towards 
precision medicine entails the development of robust, objec-
tive, and accessible biomarkers that are highly predictive of 
response to targeted therapy. Genomics approaches are 
being complemented by functional approaches to study 
RMS mechanisms in various models. In this work, we 
identified a total of 498 up- and 480 down-regulated 
DEGs. The PPI network of DEGs was constructed by 
using the STRING online database and Cytoscape.

In this study, 498 up-regulated genes were mainly involved 
in the cell cycle pathway and P53 singling pathway. All the 
TOP10 hub genes were up-regulated genes. GO analysis of the 
TOP10 genes mainly enriched in cyclin-dependent protein 
serine/threonine kinase regulatory activity and the KEGG of 
TOP10 genes were mainly involved in the cell cycle pathway. 
Furthermore, the KEGG of the core module-enrichment is also 
mainly involved in the cell cycle pathway and P53 singling 
pathway. Similar findings were obtained by the previous study, 
in which hub genes were involved in changes in the cell cycle 
and P53 signaling pathways in RMS.23 Another study demon-
strated that all p53 family members were involved in regulating 
the process of muscle differentiation.29 Masafumi Seki et al 
studied 60 RMSs by whole-exome/-transcriptome sequencing, 
copy number, and DNA methylome analyses to discover the 
genetic/epigenetic basis of RMS, they found that cell cycle and 
p53 signaling are frequently altered.30 ERMS also associates 
with familial syndromes caused by mutations in prominent 
oncogenesis-related signaling pathways such as p53.31 All 
these results demonstrated that the cell cycle and P53 singling 
pathway play an important role in the development of RMS.

TOP2A, CCNB1, UBE2C, KIF11, NCAPG, CDC20, 
CDK1, MAD2L1, CCNA2, and CCNB2 were selected as 

top 10 hub genes. All these top 10 hub genes were up- 
regulated. qRT-PCR also confirmed that the mRNA expression 
of TOP10 genes was significantly higher than the NC. Then we 
demonstrated that the expressions of CCNA2, CDK1, 
CCNB2, MAD2L1, KIF11, and NCAPG were higher in sar-
coma tissue than the normal tissue. And the Kaplan-Meier 
analysis found that high expression of CCNA2, CDK1, 
CCNB2, MAD2L1, KIF11, and NCAPG in sarcoma were 
significantly associated with poor OS. These six hub genes 
may be important prognosis factors of sarcoma. Cyclin- 
dependent kinases (CDKs) are the most important regulatory 
enzymes that drive all cell cycle transitions. Their activity is 
under strict control to ensure successful cell division. Cancer 
represents a pathological manifestation of uncontrolled cell 
division; so it has long been anticipated that CDKs inhibitors 
would be key effective therapeutic targets. Among the six hub 
genes, CCNA2, CDK1, CCNB2, and MAD2L1 are primarily 
involved in the cell cycle. In particular, CDK1 emerged as 
a critical determinant of mitotic progression, and CDK2 was 
revealed as being more relevant for DNA replication in higher 
eukaryotes.32 The studies show that promoter methylation, 
allelic loss, and mutation of the tumor suppressor CDKN2A 
are frequent. The finding of loss of CDKN2A or p53 pathway 
disruption in RMS is concordant with RMS PAX3–FOXO1 
transgenic mouse models model systems.30,33–35 Studies also 
found increased cyclin B2 and cyclin B1 levels are associated 
with cancer aggressiveness and poor clinical outcome.

Among the six hub genes, CDK1, MAD2L1, and KIF11 
have corresponding inhibitors Dinaciclib, M2I-1, and 
Monastrol. Dinaciclib, a small-molecule, cyclin-dependent 
kinase inhibitor of CDK1, CDK2, CDK5, and CDK9. M2I-1 
is an inhibitor of MAD2L1 and MAD2L2. The anti-tumor 
effect of Dinaciclib and M2I-1 in RMS were few reported. 
Monastrol is a small cell-permeable heterocyclic molecule that 
is recognized as an inhibitor of mitotic kinesin KIF11. As the 
results of this study identified that 498 up-regulated genes were 
mainly involved in the cell cycle pathway and P53 singling 
pathway. GO analysis of the TOP10 genes mainly enriched in 
cyclin-dependent protein serine/threonine kinase regulatory 
activity and the KEGG of TOP10 genes were mainly involved 
in the cell cycle pathway. Based on the above reasons, we 
chose CDK1 and MAD2L1 to further validate in tissue by 
immunohistochemistry (IHC). We found that patients with 
tumor diameter > 5cm had more susceptible to high CDK1 
expression. Besides, CDK1 expression was associated with 
COG-STS staging of RMS. Interestingly, CDK1 was signifi-
cantly associated with poor OS and EFS in RMS. Although no 
significant association between CDK1 and clinical features 
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was witnessed, Qianru Li also reported that CDK1 was the hub 
genes of RMS and was highly expressed in RMS patients.23 

Dinaciclib, which is a novel drug that potently and selectively 
inhibits CDK1, CDK2, CDK5, and CDK9,36,37 showed an 
interesting tumor growth inhibitory activity in vivo, suggesting 
it may have potential applicability against selected subtypes of 
childhood cancer, including RMS.38 It will be important to 
further elucidate the mechanisms of CDK1 and to explore the 
potential utility of Dinaciclib.

The MAD2 protein is a centrally important regulator of 
the mitotic checkpoint machinery. Studies demonstrated that 
MAD2 overexpression is a critical mediator of the chromo-
some instability (CIN) observed upon inactivation of two 
major tumor suppressor pathways including Rb and P53 
pathway.39 One study suggested that the aberrant MAD2 
expression was potentially associated with abnormal mitosis 
in soft-tissue sarcomas, and with high-grade tumor progres-
sion in its translocation-associated subset.40 Although there 
were no statistically significant differences between 
MAD2L1 expression and clinical characteristics, MAD2L1 
was associated with poor OS and EFS. It fits well with the 
previously defined role in the development and/or progres-
sion of osteosarcoma.41 MAD2L was also selected as hub 
genes by Cytoscape analyses by Qianru Li.23 This study 
provides novel insights into the role of MAD2L1 in RMS. 
Dedicated studies are warranted to further dissect the 
mechanism of MAD2L1 in the regulation of RMS.

CDK1 and MAD2L1 are linearly co-expressed. When 
patients were divided into three groups: low CDK1 and low 
MAD2L1 expression group, high CDK1 or high MAD2L1 
expression group, high CDK1 and high MAD2L1 expression 
group, the 5-year OS rate and the 5-year EFS rate were sig-
nificant difference. Both CDK1 and MAD2L1 are involved in 
the cell cycle of RMS. Since the relationship between CDK1 
and MAD2L1 is complex, Additional studies will be needed 
however to determine the exact mechanisms responsible for 
the associations between CDK1 and MAD2L1.

Several limitations to the present study should be con-
sidered. Firstly, only expressions of CDK1 and MAD2L1 
with clinical data were analyzed to predict OS and EFS in 
this study. Secondly, Future research is required to explore 
the mechanism between CDK1, MAD2L1, and carcino-
genesis of RMS.

Conclusion
The hub genes of RMS are mainly involved in cell cycle 
and P53 singling pathway. And we have presented 

evidence implicating that CDK1 and MAD2L1 could be 
potential Prognostic biomarkers of RMS.
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