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Abstract: Objective: To identify potential biomarkers, key pathways and modules following the exposure of synovial
sarcoma (SS) cells to anlotinib. Methods: In the current study, we integrated multiple bioinformatics methods to
identify the hub genes and key pathways associated with the effects of anlotinib treatment in SS cells. In addition,
we used reverse transcription-quantitative real-time polymerase chain reaction (RT-gPCR) to validate the expression
levels of the identified hub genes in SS cells treated with anlotinib. Results: In total, 183 differentially expressed
genes (DEGs) were identified, of which 47 were upregulated and 136 were downregulated. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses showed that the DEGs were predominantly
involved in cell division and cell cycle progression. A total of two modules were identified from the protein-protein
interaction network using the MCODE plugin in Cytoscape, where module 1 was the most significant. By combining
the results of CytoHubba analysis based on the module 1 and The Cancer Genome Atlas database, six real hub
genes, cyclin (CCN) A2, kinesin family member 2C, cell division cycle 20, CCNB2, aurora kinase B and CCNB1, were
identified. Subsequent GO and KEGG pathway analysis revealed that these six real hub genes were significantly as-
sociated with the cell cycle and mitosis. Finally, RT-gPCR verified that the mRNA expression levels of these six real
hub genes were significantly decreased in SS cells treated with anlotinib compared with those in the control group.
Altogether, our study identified biomarkers and key pathways associated with the effects of anlotinib treatment in
SS cells, which may provide novel insights into the underlying mechanism of anlotinib treatment in SS.
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Introduction desensitized and unresponsive to chemothera-
py and radiotherapy [6]. Therefore, it remains in
demand to discover novel effective therapeutic

targets for SS.

Synovial sarcoma (SS) is a high-grade, malig-
nant soft-tissue sarcoma (STS) and has a
5-year survival rate of <66% [1]. Currently, the

main treatment method for localized SS is ra-
dical surgery combined with neoadjuvant che-
motherapy and/or radiotherapy [2]. According
to recently published National Comprehensive
Cancer Network (NCCN) and European Society
of Medical Oncology (ESMO) guidelines, adju-
vant chemotherapy is recommended in high-
risk localized STS patients [3, 4]. However,
patients with SS typically have a high possibility
of recurrence and metastasis after early opera-
tion [5]. In addition, patients frequently become

Receptor tyrosine kinases (RTKs) have been
previously reported to regulate tumor prolife-
ration, growth, angiogenesis and metastasis,
thereby serving important roles in tumor pro-
gression [7, 8]. Therefore, targeting RTKs may
be an effective strategy for clinical treatment of
a variety of solid tumors including renal cell car-
cinoma [9], lung cancer [10], hepatocellular car-
cinoma [11], etc. Anlotinib is a novel multi-tar-
get RTK inhibitor that has been reported to
effectively exert anti-tumor activity in patients
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with advanced refractory solid tumors [12]. It
can mainly target vascular endothelial growth
factor receptor (VEGFR), fibroblast growth fac-
tor receptor (FGFR), platelet-derived growth fa-
ctor receptors (PDGFR) and c-kit [13]. Previ-
ously, it has been shown that anlotinib is safe
and highly effective for the treatment of various
solid tumors, including lung cancer [14], esoph-
ageal squamous cell carcinoma [15], STS [16,
17], etc. In addition, a previous study investi-
gated the potential anti-tumor effects of anlo-
tinib in SS [18], which demonstrated that the
anti-tumor properties of anlotinib is mediated
through the downregulation of GINS complex
subunit 1 expression downstream. However,
the differentially expressed genes (DEGs) bet-
ween the control and anlotinib-treated SS cells
were not investigated using an integrated bi-
oinformatics analysis. More importantly, the
potential biomarkers and key pathways that
may be involved in the biological process of
anlotinib-treated SS cells were not explored.

In the present study, we identified the DEGs
from the GSE109468 dataset [18] between
the control and anlotinib-treated SS cells. Next,
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrich-
ment analysis were applied to explore the func-
tions of the identified DEGs. Furthermore, pro-
tein-protein interaction (PPI) network and mo-
dule analysis of the DEGs were performed to
identify possible biomarkers and key pathways
associated with the biological processes that
occur after anlotinib treatment in SS. Sub-
sequently, using The Cancer Genome Atlas
(TCGA) database, the expression levels of the
identified hub genes between normal and SS
samples were assessed. GO and KEGG path-
way enrichment analyses of the identified real
hub genes were then performed using the
WEB-based GEne SeT Analysis Toolkit (Web-
Gestalt) database. Finally, the mRNA expres-
sion levels of the identified hub genes in the
SS cell lines treated with anlotinib were verified
by reverse transcription-quantitative real-time
polymerase chain reaction (RT-qPCR). In con-
clusion, this study identified six real hub genes,
namely cyclin (CCN) A2, kinesin family member
(KIF) 2C, cell division cycle (CDC) 20, CCNB2,
aurora kinase B (AURKB) and CCNB1. These
hub genes were significantly enriched in cell
cycle progression and mitosis, which may pro-
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vide potential biomarkers and targets to im-
prove the clinical efficacy of anlotinib treatment
in patients with SS.

Materials and methods
Data collection

The microarray dataset of GSE109468 [18]
were obtained from the Gene Expression
Omnibus database (GEO; https://www.ncbi.
nim.nih.gov/geo/). The GSE109468 dataset
based on the GPL15207 platform (Affymetrix
Human Gene Expression Array) included three
groups of human synovial sarcoma (SW982)
cells treated with anlotinib and three groups of
SWO82 cells treated without anlotinib. In addi-
tion, the RNA-seq expression data of nine
human SS tumor tissues and two normal tis-
sues were obtained from TCGA database
(https://portal.gdc.cancer.gov/) to further in-
vestigate the results.

DEGs analysis

The DEGs between control and anlotinib-tre-
ated SS cells were screened using GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r/),
which allows for the comparison of different
gene expression data among = two groups of
samples. The DEGs were identified according to
the following criteria: Adjusted P-value <0.05
and |log, fold change (FC)| 21.0. Heatmaps of
the DEGs were generated using the Heml soft-
ware (Version 1.0.3.7; http://hemi.biocuckoo.
org/faq.php) [19], a toolkit for illustrating heat-
maps.

GO and KEGG pathway analysis

We used the Database for Annotation, Visua-
lization and Integrated Discovery (DAVID) data-
base (Version 6.8; https://david.ncifcrf.gov/)
to perform GO and KEGG pathway enrichment
analysis of the DEGs, and P<0.05 was used as
the cut-off criterion. GO terms enrichment anal-
ysis was classified into three major groups, spe-
cifically biological process (BP), cellular compo-
nent (CC) and molecular function (MF).

Gene set enrichment analysis (GSEA)

To estimate whether a predefined list of genes
display statistical significance between two
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phenotypes [20], GSEA was conducted bet-
ween control and anlotinib-treated SS cells
using the GSEA software (Version 4.2.3;
https://www.gsea-msigdb.org/gsea/index.jsp).
The number and type of permutations was
defined as ‘1,000’ and ‘phenotype’, respective-
ly. The metric used for ranking genes was set as
‘Signal2Noise’. The minimum and maximum
sizes of the selected gene sets were 15 and
500, respectively. Subsequently, the ‘h.all.
v7.1.symbols.gmt (Hallmarks) and ‘c5.all.
v7.1.symbols.gmt (Gene ontology)’ download-
ed from the Molecular Signatures Database
(MSigDB; http://software.broadinstitute.org/
gsea/msigdb/index.jsp) were chosen to be the
reference gene sets for performing the GSEA
assay. The cut-off criteria were set as nominal
P<0.05, false discovery rate (FDR) g-value
<0.25 and enrichment score >0.6.

PPI network construction and module analysis

We used the Search Tool for the Retrieval of
Interacting Genes (STRING) database (version
11.5, https://string-db.org) for exploring the PPI
network of DEGs, where the combined score
>0.4 was set as the cut-off criterion. The
Cytoscape software (version 3.8.0, https:/
cytoscape.org) was then used to visualize and
analyze the PPl network. Subsequently, the
Molecular Complex Detection (MCODE, version
1.5.1) plugin of Cytoscape software was used
to screen the significant modules of the PPI net-
work with the following parameters: MCODE
scores >5; degree cut-off =2; node score cut-
off =0.2; k-core =2; and max. depth =100 [21].
GO and KEGG pathway analyses were also per-
formed in the modules using the STRING data-
base, where differences were considered to be
statistically significant with FDR<0.05.

Hub genes identification and analysis

The hub genes were identified using CytoHu-
bba (version 0.1), which is a novel plugin for
Cytoscape that can identify hub objects and
sub-networks from complex interactomes [22].
For identifying network hub genes, a total of
11 topological algorithms are provided by
CytoHubba. Among all the algorithms, Maximal
Clique Centrality (MCC) tended to perform bet-
ter compared with others in predicting PPI net-
work hub genes [22]. Therefore, for the present
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study, the MCC algorithm was used to identify
the hub genes [22]. Subsequently, GO analysis
of the identified hub genes was analyzed using
the Biological Networks Gene Oncology tool
(BINGO; Version 3.0.3) plugin of Cytoscape [23]
with a threshold FDR value <0.05.

The expression levels of the identified hub
genes were then validated in TCGA database.
A total of 11 samples were chosen for gene
expression level analysis, including nine SS tis-
sues and two normal tissues. Unpaired t-test
was conducted to evaluate the statistical sig-
nificance, where the level of significance was
defined at P<0.05. Finally, the aforementioned
validated hub genes were analyzed using the
WebGestalt database (http://www.webgestalt.
org/) [24] with a threshold of FDR<0.05 to per-
form the GO and KEGG pathway enrichment
analysis.

Cell lines and cell culture

Human SS cell lines SW982 and HS-SY-II were
kindly provided by Peking University People’s
Hospital (Beijing, China). SW982 and HS-SY-II
cells were grown in Dulbecco’s modified Ea-
gle’s medium (Gibco; Waltham, USA), contain-
ing 10% fetal bovine serum (Gibco; Waltham,
USA) in a humidified atmosphere under 5% CO,
at 37°C. The two cell lines were incubated with
anlotinib (Selleck; Houston, USA) at an indicat-
ed condition as previously described [18].

RT-gPCR

According to the manufacturer’s protocol, the
total RNAs from SW982 and HS-SY-II cells were
isolated using RNA-easy Isolation Reagent (cat.
no. R701-01; Vazyme; Nanjing, China). Next,
the complementary DNA (cDNA) was synthe-
sized from the total RNAs using HiScript® Il 1st
Strand cDNA Synthesis Kit (+gDNA wiper; cat.
no. R212-01; Vazyme; Nanjing, China). gPCR
was performed in an Applied Biosystems
System using ChamQ SYBR Color gPCR Master
Mix (Without ROX; cat. no. Q421-02; Vazyme;
Nanjing, China). The thermocycling conditions
were as follows: Pre-denaturation for 30 sec at
95°C, followed by 40 cycles of 95°C for 10 sec
and 60°C for 30 sec. A melting curve was ana-
lyzed for each reaction from 60 to 95°C. mRNA
expression levels were calculated using the
244¢a method [25], where the expression val-
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Table 1. Identification of DEGs associated with anlotinib treatment of SS cells

Regulation Genes

Upregulated (n=47)

SLC7A11, MMP3, IL24, GDF15, LOC100129518, IL6, SLC16A6, NUPR1, SERPINB2,

SPP1, IL1A, IFI44L, GPNMB, CCL20, KYNU, DDIT3, FYB, RND3, FTH1, MME, CSTA,
FOLR3, SOSTM1, IL1B, HMOX1, NOV, CXCL2, EREG, TM4SF19, EPGN, C3, CARD16,
FCMR, RRAGD, SPINK1, LCP1, ZNF655, CHI3L1, CSF2, CLCA2, RAB27B, PVRL4, SPX,
WISP2, BEX2, SOD2, TM4SF19-TCTEX1D26

Downregulated (n=136) GINS2, CCL2, CDCA7, CDC20, E2F8, MGP, NEURL1B, HCG22, UBE2C, MCM7, RRM2,
LMNB1, PRC1, ZWINT, NUSAP1, CENPA, KIF2C, BIRC5, PHF19, KIF20A, MCM2, PBK,
SERTAD4, GINS4, TACC3, SPC25, TK1, FEN1, TOP2A, H2AFX, KIF22, ASF1B, CDC25C,
CDCAS8, NCAPG2, CCNF, CKS1B, CDCA5, AURKB, ANLN, MTFR2, UHRF1, APOBEC3B,
BUB1, CDC6, HMGB3, CCNB2, LYPD1, FAM83D, CDC45, BUB1B, PRR11, HIST1H4C,
FANCI, CCNA2, CDK1, POLE2, GTSE1, MCM3, FKBP5, RNASEH2A, CDCA2, SPAGS5,
BLM, APOBEC3A, DPYSL3, FAM72A, SHCBP1, NEK2, GINS1, KIAAO101, FAMG4A, RAC-
GAP1, PMEPA1, NUF2, CCNB1, DEPDC1B, FOXM1, VCAN, ESCO2, DTL, HIURP, TMPO,
CDCA3, MND1, PLK4, ARHGAP11A, TNFRSF19, MKI67, ERCC6L, NCAPG, SPC24,
TROAP, TCF19, CIT, BARD1, FBXO5, NCAPH, KIF15, RTKN2, CLSPN, FANCD2, ORCS,
CDKN2C, CCDC34, NCAPD3, FAM111B, MCM10, ZNF367, LMNB1, CDC7, PAQRA4,
DLEU2, DSCC1, KIF14, FANCD2, LIN9, HAUSS, PSMC3IP, HELLS, DLEU2, KLHL23,
ACBD7, RNF150, TCF19, APOBEC3A_B, APOBEC3B, FAM72B, FAM72C, FAM72D,
ARHGAP11B, LOC100288637, PCIF1, FANCD2P2, DLEU2L, PHOSPHO2-KLHL23

ues were normalized to those of B-actin. All
primer sequences used for RT-qPCR were listed
in Table S1.

Statistical analysis

For RT-gPCR, all the experiments were conduct-
ed in triplicate. The data were shown as the
mean * standard deviation. Statistical analysis
was performed using the GraphPad Prism soft-
ware (version 8.0; Graphpad; San Diego, USA).
Differences between two groups were assessed
using paired Student’s t-test. P<0.05 was con-
sidered to indicate a statistically significant
difference.

Results
Identification of DEGs

A total of 183 DEGs that met the cut-off criteria
were identified from GSE109468, including 47
upregulated and 136 downregulated genes
(Table 1; Figure 1A). Heatmap analysis reveal-
ed that these genes displayed differential ex-
pression profiles between anlotinib-treated SS
cells and untreated SS cells (Figure 1B).

Functional enrichment analysis
In terms of BP, the 183 DEGs were mainly

enriched in ‘cell division’, ‘mitotic nuclear divi-
sion’, ‘DNA replication’, ‘sister chromatid cohe-
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sion’” and ‘DNA replication initiation’ (Figure
2A). For CC analysis, the 183 DEGs were par-
ticularly enriched in ‘nucleoplasm’, ‘condensed
chromosome kinetochore’, ‘chromosome, cen-
tromeric region’, ‘nucleus’ and ‘midbody’
(Figure 2B). In terms of MF, the 183 DEGs were
mostly involved in ‘protein binding’, ‘3'-5" DNA
helicase activity’, ‘DNA replication origin bind-
ing’, ‘protein kinase binding’ and ‘deoxycytidine
deaminase activity’ (Figure 2C). For KEGG path-
way analysis, the 183 DEGs were highly associ-
ated with ‘cell cycle’, ‘DNA replication’, ‘rheu-
matoid arthritis’, “TNF signaling pathway’ and
‘oocyte meiosis’ (Figure 2D).

GSEA

To identify the molecular mechanisms of the
DEGs between control and anlotinib-treated SS
cells, GSEA of hallmark gene sets was per-
formed and the results revealed that 19/50
gene sets were downregulated in anlotinib-
treated group, where 15 gene sets were signifi-
cant at FDR<25% and 14 gene sets were sig-
nificantly enriched at nominal P<0.05. The top
three downregulated gene sets were E2 tran-
scription factor targets, G,/M checkpoint and
mitotic spindle (Figure 3A). According to the GO
gene sets, 2,423/5,372 gene sets are down-
regulated in anlotinib-treated group, 1,043 ge-
ne sets are significantly enriched at FDR<25%
and 1,083 gene sets are significantly enriched
at nominal P<0.05. The top five enriched GO
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Figure 1. Identification of the DEGs after anlotinib treatment in SS cells. A. Volcano plot of DEGs for the GSE109468
dataset. Red represented upregulated DEGs, green represented downregulated DEGs and black represented non-
differentially expressed genes. Genes with adjusted P-value <0.05 and |log, fold change| 21.0 are considered to
be DEGs. B. Heatmap of the 183 DEGs identified between control and anlotinib-treated SS cells. GSM2943988,
GSM2943989 and GSM2943990 represented the negative control group, while GSM2943985, GSM2943986
and GSM2943987 represented the anlotinib treatment group. SS, synovial sarcoma; DEGs, differentially expressed
genes; up, upregulated; down, downregulated; Nodiff, non-differentially expressed genes.
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Figure 2. GO and KEGG pathway enrichment analysis of DEGs using the Database for Annotation, Visualization and
Integrated Discovery database. A. Top 10 significant terms according to the GO biological process enrichment analy-
sis of DEGs. B. Top 10 significant terms according to the GO cellular component enrichment analysis of DEGs. C.
Top 10 significant terms according to the GO molecular function enrichment analysis of DEGs. D. Top 10 significant
terms according to the KEGG pathway enrichment analysis of DEGs. GO, gene ontology; KEGG, Kyoto Encyclopedia
of Genes and Genomes; DEGs, differentially expressed genes.

terms of the DEGs associated with anlotinib performed using the MCODE plugin of Cyto-
treatment were ‘basic helix-loop-helix trans- scape. The results showed that two significant
cription factor binding’, ‘ventricular cardiac modules with a score >5 were identified from
muscle cell differentiation’, ‘regulation of mei- the network. There were 75 nodes and 2,422
otic cell cycle’, ‘atrial septum morphogenesis’ edges in Module 1 (Figure 4C), whereas a total
and ‘cleavage furrow’ (Figure 3B). of 8 nodes and 28 edges were detected in

Module 2 (Figure 4D). Furthermore, functional
PPI network and modular analysis analysis of the genes involved in the two mod-

ules was performed using the STRING data-
To explore the interaction of the screened 183 base. The results revealed that genes in mod-
DEGs, the STRING database was used to con- ule 1 were mainly enriched in ‘cell cycle’ for BP,
struct the PPl network. The results revealed ‘DNA replication origin binding’ for MF, ‘chromo-
that a relevant PPl network was successfully some region’ for CC and ‘cell cycle’ for KEGG
constructed, which contained 175 nodes and (Table 2). The genes in module 2 were mainly
3,550 edges (Figure 4A). This PPl network of associated with ‘cytokine-mediated signaling
the DEGs was then visualized using the Cy- pathway’ for BP, ‘cytokine activity’ for MF,
toscape software (Figure 4B). Based on the ‘extracellular space’ for CC and rheumatoid
entire network, the Module analysis was then arthritis for KEGG (Table 3). Module 1 was the
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Figure 3. GSEA results. A. The top three representative functional gene sets of GSEA according to the hallmark gene
sets. GSEA hallmark term analysis showed that E2 transcription factor targets, G,/M checkpoint and mitotic spindle
are significantly enriched processes associated with anlotinib treatment. B. The top five representative functional
gene sets of GSEA based on the GO gene sets. GSEA revealed that enrichment of the five most significant GO terms
are ‘basic helix-loop-helix transcription factor binding’, ‘ventricular cardiac muscle cell differentiation’, ‘regulation of
meiotic cell cycle’, ‘atrial septum morphogenesis’ and ‘cleavage furrow’, which are associated with anlotinib treat-
ment. GSEA, Gene set enrichment analysis; GO, gene ontology.

most significant of the two modules identified
by MCODE analysis.

Hub genes identification, validation, and
analysis

The connectivity degree of each node in PPI
in the two modules was calculated using
CytoHubba according to the MCC algorithm.
Finally, the top 10 hub genes, CCNA2, ribonu-
cleotide reductase regulatory subunit 2 (RR-
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M2), KIF2C, CDC20, CCNB2, budding unin-
hibited by benzimidazoles (BUB) 1, BUBI1B,
AURKB, CCNB1 and KIF20A, were identified in
module 1 (Table 4; Figure 5A). In addition,
C-X-C motif chemokine ligand 2, C-C motif che-
mokine ligand (CCL) 20, colony-stimulating fac-
tor 2, interleukin (IL) 6, matrix metalloprotein-
ase 3, CCL2, IL1B and IL1A were among hub
genes in module 2 (Table 5; Figure 4D). Sub-
sequently, the hub genes in module 1 were
subjected to BP analysis using the BIiNGO

Am J Transl Res 2022;14(10):6906-6923
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Figure 4. PPl network and modular analysis. A. PPl of DEGs were analyzed using the Search Tool for the Retrieval of
Interacting Genes database. B. The PPI network of DEGs was established using the Cytoscape software. Red nodes
indicated upregulated genes, whereas green nodes represented downregulated genes. C. The most significant mod-
ule 1 was identified from the PPI network using the Molecular Complex Detection plugin of Cytoscape. Green nodes
represented downregulated genes. D. The Module 2 was identified from the PPl network. Red and green nodes rep-
resented upregulated and downregulated genes, respectively. PPI, protein-protein interaction; DEGs, differentially
expressed genes.

Table 2. The top 3 enriched GO terms and KEGG pathways of the genes in the module 1

Category Term ID Term description Count FDR

BP G0:0007049 Cell cycle 66 1.46E-62
BP G0:0000278 Mitotic cell cycle 51 4.75E-51
BP G0:1903047 Mitotic cell cycle process 49 2.98E-50
MF G0:0003688 DNA replication origin binding 6 3.63E-06
MF G0:0008017 Microtubule binding 11 9.11E-06
MF G0:0005524 ATP binding 22 2.08E-05
CC G0:0098687 Chromosome region 27 2.11E-25
cC G0:0005694 Chromosome 44 2.67E-24
cC G0:0000775 Chromosome, centromeric region 22 4.31E-23
KEGG hsa04110 Cell cycle 12 3.13E-11
KEGG hsa04914 Progesterone-mediated oocyte maturation 7 1.93E-05
KEGG hsa03030 DNA replication 7 5.35E-05

Table 3. The top 3 enriched GO terms and KEGG pathways of the genes in the module 2

Category Term ID Term description Count FDR
BP G0:0019221 Cytokine-mediated signaling pathway 8 2.81E-08
BP G0:0071222 Cellular response to lipopolysaccharide 6 1.41E-07
BP G0:0009617 Response to bacterium 7 5.58E-07
MF G0:0005125 Cytokine activity 7 9.78E-10
MF G0:0005126 Cytokine receptor binding 7 1.16E-09
MF G0:0070851 Growth factor receptor binding 4 9.17E-05
CcC G0:0005615 Extracellular space 8 0.00087
KEGG hsa05323 Rheumatoid arthritis 8 6.41E-17
KEGG hsa04657 IL-17 signaling pathway 7 9.13E-14
KEGG hsa04668 TNF signaling pathway 7 2.29E-13
Table 4. Hub genes identified in the key module 1
Genes Description MCODE adj.P.Value Log FC
Score
CCNA2 Cyclin A2 46.9 6.40E-05 -1.0960
AURKB Aurora Kinase B 46.9 5.53E-05 -1.13896
RRM2 Ribonucleotide Reductase Regulatory Subunit M2 46.9 3.07E-05 -1.28315
KIF2C Kinesin Family Member 2C 46.9 3.78E-05 -1.20639
CCNB1 Cyclin B1 46.9 9.92E-05 -1.08588
BUB1 BUB1 Mitotic Checkpoint Serine/Threonine Kinase 46.9 5.55E-05 -1.15767
KIF20A Kinesin Family Member 20A 46.9 3.78E-05 -1.18615
BUB1B BUB1 Mitotic Checkpoint Serine/Threonine Kinase B 46.9 6.07E-05 -1.19207
CDC20 Cell Division Cycle 20 46.9 3.07E-05 -1.37731
CCNB2 Cyclin B2 46.9 5.88E-05 -1.03654
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Figure 5. Identification of hub genes and biological process analysis of the hub genes. A. The top 10 hub genes were identified from module 1 using Maximal Clique
Centrality algorithm analysis. B. Biological process analysis of hub genes was performed using the Biological Networks Gene Oncology tool. The color depth of nodes
was filled in accordance with the FDR values. FDR<0.05 was considered to indicate a statistically significant difference. FDR, false discovery rate.
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Table 5. Hub genes identified in the key module 2

Genes Description MCODE Score adj.P.Value logFC
IL1A Interleukin 1 Alpha 7 3.65E-05 1.390683
CXCL2 C-X-C Motif Chemokine Ligand 2 7 5.76E-05 1.237424
CSF2 Colony Stimulating Factor 2 7 1.70E-04 1.080502
CCL20 C-C Motif Chemokine Ligand 20 7 3.78E-05 2.65226
MMP3 Matrix Metallopeptidase 3 7 9.41E-06 2.387417
IL6 Interleukin 6 7 2.11E-05 1.610271
CcCL2 C-C Motif Chemokine Ligand 2 7 2.75E-05 -1.36825
IL1B Interleukin 1 Beta 7 5.35E-05 1.0527
Table 6. The BiNGO results of the 10 hub genes in the module 1

GO ID Description FDR Genes
30071 regulation of mitotic metaphase/anaphase transition 1.49E-03 CDC20; BUB1
51783 regulation of nuclear division 1.49E-03 CDC20; BUB1
7088 regulation of mitosis 1.49E-03 CDC20; BUB1
70 mitotic sister chromatid segregation 5.42E-03 CDC20; BUB1
7346 regulation of mitotic cell cycle 5.42E-03 CDC20; BUB1
819 sister chromatid segregation 5.42E-03 CDC20; BUB1
10564 regulation of cell cycle process 5.42E-03 CDC20; BUB1
226 microtubule cytoskeleton organization 5.42E-03 CDC20; BUB1
7017 microtubule-based process 5.48E-03 CDC20; BUB1
33043 regulation of organelle organization 5.48E-03 CDC20; BUB1

Cytoscape plugin, where the results revealed
that majority of the hub genes were significant-
ly enriched in ‘regulation of mitotic metaphase/
anaphase transition’, ‘regulation of nuclear divi-
sion” and ‘regulation of mitosis’ (Table 6; Figure
5B).

TCGA dataset was then used to validate the
expression status of the 10 hub genes CCNA2,
RRM2, KIF2C, CDC20, CCNB2, BUB1, BUB1B,
AURKB, CCNB1 and KIF20A. We found that the
expression levels of CCNA2, KIF2C, CDC20,
CCNB2, AURKB and CCNB1 were significantly
higher in SS tissues compared with those in
the normal tissues, whilst those of RRM2,
KIF20A, BUB1 and BUBI1B exhibited no sig-
nificant differences in their expression levels
(Figure 6). Therefore, CCNA2, KIF2C, CDC20,
CCNB2, AURKB and CCNB1 were confirmed to
be the real hub genes that are the most likely
to be associated with anlotinib treatment.

The WebGestalt online tool was then used to
further explore the GO and KEGG pathway
enrichment of these six real hub genes. The
results revealed that these six real hub genes
were significantly associated with ‘regulation of
chromosome segregation’, ‘regulation of mitot-
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ic nuclear division’, ‘mitotic sister chromatid
segregation’, ‘regulation of nuclear division’
and ‘mitotic nuclear division’ for BP (Figure 7A;
Table S2). For CC, enrichments were found
for ‘cyclin-dependent protein kinase holoen-
zyme complex’, ‘serine/threonine protein kina-
se complex’, ‘protein kinase complex’, ‘con-
densed chromosome, centromeric region’ and
‘kinetochore’ (Figure 7B; Table S3). For MF,
enrichments for ‘histone kinase activity’, ‘cyclin-
dependent protein kinase activity’, ‘cyclin-de-
pendent protein serine/threonine kinase regu-
lator activity’, ‘cyclin-dependent protein serine/
threonine kinase activity’ and ‘protein kinase
regulator activity’ were found (Figure 7C; Table
S4). In terms of KEGG pathways, the six real
hub genes were significantly enriched in ‘cell
cycle’, ‘progesterone-mediated oocyte matura-
tion’, ‘p53 signaling pathway’, ‘oocyte meiosis’
and ‘cellular senescence’ (Figure 7D; Table
Sb). Consistent with the data of the aforemen-
tioned DAVID and BIiNGO analysis, it is shown
that these six real hub genes (CCNA2, KIF2C,
CDC20, CCNB2, AURKB and CCNB1) were
mainly associated with cell cycle and mitosis.
Therefore, it is likely that the anti-tumor effects
of anlotinib in SS is mainly mediated through

Am J Transl Res 2022;14(10):6906-6923
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Figure 6. Expression of the top 10 hub genes verified in TCGA dataset. Analyses of the expression levels of the top
10 hub genes in synovial sarcoma tissues and normal tissues using TCGA dataset. *P<0.05 and **P<0.01, un-

paired Student’s t-test. TCGA, The Cancer Genome Atlas.

disrupting cell cycle progression and mitosis in
the tumor cells.

Hub gene verification in SS cell lines by RT-
qPCR

To further validate the effect of anlotinib on the
expression of the six real hub genes (CCNA2,
KIF2C, CDC20, CCNB2, AURKB and CCNB1),
RT-gPCR was performed to measure the mRNA
expression levels of these six real hub genes in
SW9O82 and HS-SY-II cells treated with 2.5 uM/
ml anlotinib. The results showed that after in-
cubation with 2.5 yM/ml anlotinib for 48 h,
CCNA2, KIF2C, CDC20, CCNB2, AURKB and
CCNB1 mRNA expression were significantly
decreased in the anlotinib-treated group com-
pared with those in the control group (Figure 8).
These results are consistent with the microar-
ray expression data of GSE109468, suggest-
ing that these six hub genes function as onco-
genes in the development of SS.

Discussion

In the present study, we used bioinformatics
analysis to screen for the biomarkers and key
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pathways associated with the effects of anlo-
tinib treatment in SS cells. By analyzing the
GSE109468 dataset downloaded from the GEO
database, we successfully identified 183 DEGs,
of which 47 were upregulated and 136 were
downregulated. Using MCC algorithm analysis
combined with analysis of TCGA dataset, we
finally screened six real hub genes CCNA2,
KIF2C, CDC20, CCNB2, AURKB and CCNBL1 to
be closely associated with anlotinib treatment.
The results from our study will contribute to
understanding the molecular mechanism un-
derlying the effect of anlotinib treatment in SS,
which will facilitate identification of the poten-
tial biomarkers and targets to improve the clini-
cal efficacy of anlotinib in patients with SS.

According to the DAVID database, the top
enriched GO and KEGG pathway enrichment
analyses of the 183 DEGs were ‘cell division’
for BP, ‘protein binding’ for MF, ‘nucleoplasm’
for CC and ‘cell cycle’ for KEGG. GSEA revealed
that the DEGs were mainly enriched in the E2F
targets, G,/M checkpoint and mitotic spindle.
Using the STRING database and the Cytoscape
software, we further constructed a PPl net-
work of the 183 DEGs, which identified two
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Figure 7. Significantly enriched GO and KEGG pathways of the six real hub genes using the WebGestalt database. A. Top 10 significant terms of GO Biological Process
enrichment analysis. B. Top 10 significant terms of GO Cellular Component enrichment analysis. C. Top 10 significant terms of GO Molecular function enrichment
analysis. D. Top 10 significant terms of KEGG pathway enrichment analysis. GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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modules with a score =5. Of the two modules,
module 1 was found to be the most significant.
The top enriched GO and KEGG pathways in
module 1 were ‘cell cycle’ for BP, ‘DNA replica-
tion origin binding’ for MF, ‘chromosome region’
for CC and ‘cell cycle’ for KEGG. Based on mod-
ule 1, the top 10 hub genes, CCNA2, RRM2,
KIF2C, CDC20, CCNB2, BUB1, BUB1B, AURKB,
CCNB1 and KIF20A, were identified. TCGA data-
base was then used to confirm these results,
where the expression levels of CCNA2, KIF2C,
CDC20, CCNB2, AURKB and CCNB1 were found
to be higher in SS tissues compared with those
in normal tissues. These results suggest that
these six real hub genes may be the closely
associated with the outcomes of anlotinib
treatment in patients with SS. Further analysis
based on the WebGestalt database revealed
that the six real hub genes were significantly
associated with cell cycle and mitosis. We then
validated the expression levels of these six hub
genes using RT-gPCR in SS cells treated with
2.5 yM/ml anlotinib. The results showed that
the mRNA levels of these six hub genes were
significantly decreased after anlotinib treat-
ment, which were consistent with the results
from the microarray analysis.
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CCNA2 is a highly conserved member of the
cyclin family that serves a pivotal role in cell
cycle progression by promoting G,/S and G,/M
progression by interacting with cyclin depen-
dent kinases [26, 27]. CCNA2 has been shown
to be highly expressed in various types of
tumors [28], suggesting its potential roles in
tumorigenesis. In addition, higher levels CCNA2
expression have been closely associated with
tamoxifen resistance in patients with breast
cancer [29]. By contrast, CCNB1 and CCNB2
can promote the transition of cells from the G,
into the M phase [30]. Upregulation of CCNB1
and CCNB2 expression has been found in a
variety of human tumors, such as glioma [31],
breast cancer [32, 33], as well as gastric can-
cer [34] and has been associated with poor
prognosis [31, 32, 35]. CDC20 is a regulator of
cell cycle checkpoints and serves a key role in
mitotic progression [36, 37]. It has been report-
ed to exhibit an oncogenic role in tumorigenesis
and tumor progression including prostate [38],
breast cancer [39], and ovarian cancer [40].
Overexpression of CDC20 has been document-
ed to predict poor prognosis in various malig-
nancies, such as pancreatic cancer and pros-
tate cancer [41, 42], suggesting that CDC20
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can be applied as a promising therapeutic tar-
get for cancer treatment. KIF2C is a member of
the kinesin superfamily of microtubule motor
proteins that regulates microtubule depolymer-
ization by ensuring the correct segregation of
daughter chromosomes during mitosis [43].
Elevated KIF2C expression has been previously
reported to be associated with tumor progres-
sion and poorer survival in patients with glio-
ma [44], breast cancer [45], lung cancer [46],
colorectal cancer [47], and gastric cancer [48].
AURKB is an aurora kinase that can accelerate
cell cycle progression from G, to cytokinesis by
regulating chromosome segregation, arrange-
ment and cytokinesis through binding to micro-
tubules [49]. Previous studies have revealed
that the overexpression of AURKB is closely
associated with cancer progression and prog-
nosis in numerous human tumors including
lung cancer [50], bladder cancer [51], and
osteosarcoma [52]. Taken together, our data
demonstrated that almost all the six hub genes
were associated with the cell cycle and mitosis.
Therefore, the anti-tumor effect of anlotinib in
SS may be mediated through disrupting cell
cycle progression and mitosis in tumor cells.

According to the integrated bioinformatic an-
alysis, results from our study suggest that an-
lotinib exerts its antitumor effect against SS
mainly through the inhibition of cell cycle progr-
ession and mitosis instead of through its con-
ventional targets, such as VEGFR, FGFR, PDGFR
and c-Kit. Therefore, our results revealed a
novel mechanism of anlotinib against SS.

However, the present study has some limita-
tions that warrant consideration. The majority
of the data were obtained from only one public
dataset. Data pooled from multiple datasets
are required to reveal the novel hub genes
associated with anlotinib treatment in SS. For
the verification of the expression levels of the
six hub genes in SS cells, only RT-qPCR analysis
was performed without using additional meth-
ods for verification, such as western blot analy-
sis. In addition, further studies are required to
explore the underlying mechanism of the six
hub genes in SS both in vivo and in vitro.

Conclusions
In conclusion, using an integrated bioinformat-

ics approach, our study identified and validat-
ed six real hub genes, namely CCNA2, KIF2C,

6920

CDC20, CCNB2, AURKB and CCNB1, to be
associated with the effects of anlotinib treat-
ment in SS. These hub genes were significantly
enriched in the processes of the cell cycle and
mitosis. Our results may provide insights into
the molecular mechanism underlying the anti-
tumor effects of anlotinib against SS.
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Table S1. The primers used for qRT-PCR

Gene Primers
CCNA2 forward 5-CGCTGGCGGTACTGAAGTC-3’
reverse 5-GAGGAACGGTGACATGCTCAT-3’
KIF2C forward 5’-CAGAACTCTTACAGCTTCTTCCC-3’
reverse 5"-CAGTGGACATGCGAGTGGA-3’
CDC20 forward 5’-GACCACTCCTAGCAAACCTGG-3’
reverse 5-GGGCGTCTGGCTGTTTTCA-3’
CCNB2 forward 5’-CCGACGGTGTCCAGTGATTT-3’
reverse 5-TGTTGTTTTGGTGGGTTGAACT-3’
AURKB forward 5’-CAGTGGGACACCCGACATC-3’
reverse 5’-GTACACGTTTCCAAACTTGCC-3’
CCNB1 forward 5’-AATAAGGCGAAGATCAACATGGC-3’
reverse 5-TTTGTTACCAATGTCCCCAAGAG-3’
B-actin forward 5-CATGTACGTTGCTATCCAGGC-3’
reverse 5’-CTCCTTAATGTCACGCACGAT-3’

Table S2. List of GO terms of BP of the six hub genes analyzed via the WebGestalt

GeneSet Description Enr':::tri\;ent FDR Genes

G0:0051983 regulation of chromosome segregation ~ 108.97  2.23E-05 KIF2C; CDC20; AURKB; CCNB1

G0:0007088 regulation of mitotic nuclear division 77.29 1.86E-06 CCNA2; CDC20; CCNB2; AURKB; CCNB1
GO:0000070 mitotic sister chromatid segregation 71.01 8.52E-05 KIF2C; CDC20; AURKB; CCNB1

G0:0051783 regulation of nuclear division 68.11 2.82E-06 CCNA2; CDC20; CCNB2; AURKB; CCNB1
G0:0140014 mitotic nuclear division 58.54 2.14E-07 CCNA2; KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:0000280 nuclear division 39.50 1.16E-06 CCNA2; KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:0048285 organelle fission 36.12 1.32E-06 CCNA2; KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:0051301 cell division 28.37 2.83E-06 CCNA2; KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:1903047 mitotic cell cycle process 20.98 1.50E-05 CCNA2; KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:0000278 mitotic cell cycle 17.85 3.08E-05 CCNA2; KIF2C; CDC20; CCNB2; AURKB; CCNB1

Table S3. List of GO terms of CC of the six hub genes analyzed via WebGestalt

GeneSet Description Enrichment FDR Genes
Ratio
G0:0000307  cyclin-dependent protein kinase holoenzyme complex 211.90 1.42E-04 CCNA2; CCNB2; CCNB1
G0:1902554  serine/threonine protein kinase complex 101.02 6.79E-04 CCNA2; CCNB2; CCNB1
G0:1902911  protein kinase complex 82.74 9.93E-04 CCNA2; CCNB2; CCNB1
G0:0000779  condensed chromosome, centromeric region 74.26 0.001146 KIF2C; AURKB; CCNB1
G0:0000776  kinetochore 65.32 0.001264  KIF2C; AURKB; CCNB1
G0:0000922  spindle pole 57.16 0.001678 CDC20; AURKB; CCNB1
G0:0000775  chromosome, centromeric region 44,78 0.002915 KIF2C; AURKB; CCNB1
G0:0005813  centrosome 28.62 1.41E-04  KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:0005815  microtubule organizing center 20.11 2.73E-04  KIF2C; CDC20; CCNB2; AURKB; CCNB1
G0:0015630  microtubule cytoskeleton 12.46 0.00126  KIF2C; CDC20; CCNB2; AURKB; CCNB1




Table S4. List of GO terms of MF of the six hub genes analyzed via WebGestalt
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GeneSet Description Enr;:;trizent FDR Genes
G0:0035173 histone kinase activity 324.02 0.009296 AURKB; CCNB1
GO0:0097472  cyclin-dependent protein kinase activity 223.31 3.51E-04 CCNA2; CCNB2; CCNB1
G0:0016538 cyclin-dependent protein serine/threonine kinase regulator activity 183.61 3.51E-04 CCNA2; CCNB2; CCNB1
G0:0004693 cyclin-dependent protein serine/threonine kinase activity 153.01 0.01431 CCNB2; CCNB1
G0:0019887 protein kinase regulator activity 47.21 0.010669 CCNA2; CCNB2; CCNB1
G0:0019207 kinase regulator activity 40.50 0.01125 CCNA2; CCNB2; CCNB1
G0:0004672 protein kinase activity 17.05 0.01125 CCNA2; CCNB2; AURKB; CCNB1
G0:0019900 kinase binding 15.54 0.012572 CCNA2; CCNB2; AURKB; CCNB1
G0:0016773 phosphotransferase activity, alcohol group as acceptor 14.12 0.01431 CCNA2; CCNB2; AURKB; CCNB1
G0:0016301 kinase activity 13.08 0.017296 CCNA2; CCNB2; AURKB; CCNB1
Table S5. List of enriched KEGG pathways of the six hub genes analyzed via WebGestalt
GeneSet Description Enrlchment Genes

Ratio
hsa04110 Cell cycle 58.24 2.70E-05 CCNA2; CDC20; CCNB2; CCNB1
hsa04914 Progesterone-mediated oocyte maturation 55.84 0.001517 CCNA2; CCNB2; CCNB1
hsa04115 p53 signaling pathway 50.15 0.037853 CCNB2; CCNB1
hsa04114 Oocyte meiosis 44.04 0.00207 CDC20; CCNB2; CCNB1
hsa04218 Cellular senescence 33.85 0.003423 CCNA2; CCNB2; CCNB1
hsa04068 FoxO signaling pathway 27.78 0.102371 CCNB2; CCNB1
hsa05203 Viral carcinogenesis 18.06 0.199811 CCNA2; CDC20
hsa05170 Human immunodeficiency virus 1 infection 17.11 0.199811 CCNB2; CCNB1
hsa04152 AMPK signaling pathway 15.05 CCNA2
hsa05166 Human T-cell leukemia virus 1 infection 14.16 0.25748 CDC20; CCNB2




