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Abstract

Background
Bladder cancer (BC) is one of the most common malignant cancer of urinary system in the worldwide. The
purpose of the present study was to analysis differentially expressed genes (DEGs), biological pathways and
prognostic signi�cance BC by bioinformatics analysis.

Methods
The gene expression dataset GSE7476 and the mRNA Seq sequencing data were downloaded respectively
from GEO and TCGA. A total of 220 DEGs were obtained in BC. GO analysis and KEGG pathway analysis
were performed for up- and down-regulated DEGs. Then, a protein-protein interaction (PPI) networks and
module were constructed by Cytoscape software. Survival analysis of hub genes was performed.

Results
The result of GO analysis revealed that the up-regulated DEGs were enriched mainly in sister chromatid
segregation, while the down-regulated DEGs were enriched mainly in muscle contraction. The result of KEGG
pathway analysis showed that up-regulated DEGs were enriched mainly in cell cycle, while down-regulated
DEGs enriched in IL-17 signaling pathway. 41 hub gene and 3 crucial modules were identi�ed in the PPI
network. 15 genes signi�cantly associated with patient prognosis in BC were obtained by Kaplan-Meier
analysis.

Conclusions
In summary, the present study identi�ed hub genes, crucial pathways and provide possible the molecular
targets and prognostic biomarkers for targeted therapy and prognostic assessment of BC.

Introduction
As a malignant tumor, bladder cancer (BC) threatens seriously to human health. Worldwide, BC is the ninth
among malignant tumors (1) while it is the most common urologic malignancy in China (2). The risk factors
for BC include Tobacco smoking and occupational exposure to carcinogens (3). The majority of BC consists
of urothelial carcinoma as the predominant histologic type (4). Clinically, the con�rmed diagnosis of BC is
mainly cystoscopy (5). And surgical treatment is the �rst treatment choice. With the development of surgical
operation, the treatment of BC enters the epoch of precision medicine. Investigation of the etiological factors
and therapeutic targets of disease at the molecular level improves the therapeutic effect of diseases (5).
However, the pathogenesis of BC and the mechanism of its occurrence, development and recurrence are still
unclear. Therefore, it is of great value to investigate deeply the molecular mechanism of apoptosis,
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proliferation, metastasis and invasion of BC cells for improving the prevention, diagnosis and treatment of
BC.

In recent years, biomarkers of bladder cancer have become a research focus. In previous studies, somatic
copy number changes are found in multiple regions, including ampli�cation of PPARG and E2F3, and
deletion of CDKN2A and RB1 (6) (7). The Cancer Genome Atlas (TCGA) project reported that 69% of BC have
identi�ed potential therapeutic targets, 42% have targets in the phosphatidylinositol-3-oh kinase/AKT/mTOR
pathway, and 45% have targets in the RTK/MAPK pathway (8). Currently, no effective de�nitely molecular or
gene-targeted drugs have been approved for the treatment of this disease. Therefore, excavation of the
related genes and biomarkers involved in pathogenesis and molecular mechanism of BC is of great vital in
the diagnosis and treatment of patients.

With the development of bioinformatics and molecular biology, gene chips and high-throughput sequencing
have become important means for obtaining information about cancer gene expression pro�les in a large-
scale and highly e�cient manner (9). The gene expression omnibus (GEO) database is a comprehensive
public gene expression data resource that contains a variety of tumor gene expression pro�le datasets (10).
The Cancer Genome Atlas (TCGA) is utilized to identify genetic mutations implicated in cancer by using
genome sequencing and bioinformatics (11). In the present study, we obtained the signi�cantly differentially
expressed genes(DEGs) by downloading BC chip and genome sequencing data from GEO and TCGA
databases and combining gene data with R software. GO and KEGG pathway analysis were conducted to
investigate the functional enrichment of signi�cantly DEGs. In addition, by building a PPI network of
signi�cantly differential genes, we identi�ed the key genes and crucial modules. Prognosis correlation
analysis of the key genes were conducted by combining with the prognostic information of TCGA database.
These genes validated by using the BC tissue samples might provide possible the molecular markers and
new therapeutic targets for prognostic assessment and targeted therapy of BC.

Materials And Methods

Microarray data
The gene expression dataset GSE7476 of BC and normal bladder tissues were downloaded from the Gene
Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) database. The GSE7476 dataset included 12
normal bladder samples and 43 BC samples. GPL570 Affymetrix Human Genome U133 Plus 2.0 Array
platform was used for detection. The mRNA Seq sequencing data and clinical follow-up data of the BC and
para-bladder cancer tissues samples were downloaded from the Cancer Genome Atlas (TCGA,
https://cancergenome.nih.gov/), including a total of 19 para-bladder cancer tissues and 414 BC tissues.

Data preprocessing and screening of DEGs
We downloaded the original matrix �le, and used limma package for the expression value background
correction and the normalized preprocessing of the expression spectrum data. The unpaired t test provided
by limma package was used to calculate the differential expression analysis of BC and para-bladder cancer
tissues in each gene expression set, and we obtained the corresponding P-value of all the genes. Using
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Benjamin & Hochberg (12) method for multiple check and correction, we got the corrected P-value, namely
adjust P value. The adjust P value < 0.05 and |log2FC| > 2 were set as the thresholds for identifying DEGs.

We used edgeR package (Version: 3.4,
http://www.bioconductor.org/packages/release/bioc/html/edgeR.html) for differential expression analysis
of the mRNA Seq sequencing data of BC and para-bladder cancer tissues which from TCGA data. The false
discovery rate (FDR) < 0.05 and |log2FC| > 2 were set as the thresholds for identifying DEGs. The
differentially expressed up- and down-regulated genes from the above two data sets were intersected to
obtain the �nal DEGs.

Gene Ontology (GO) analysis of DEGs
GO analysis is an internationally standardized Gene functional classi�cation system, which provides a set of
dynamically updated standard vocabularies to comprehensively describe the properties of genes and Gene
products in organisms. GO analysis can make simple annotation of genes, namely, classi�cation annotation
of Biological Process (BP), Cellular Component (CC) and Molecular Function (MF). We conducted GO
analysis on the up- and down-DEGs by R clusterPro�ler package(Bioconductor version: Release (3.8);
http://www.bioconductor.org/packages/release/bioc/html/clusterPro�ler.html) (13–15). The p.adjust < 0.05
and the number of parameter enriched genes ≥ 2 were set as the statistically signi�cant difference.

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis of DEGs
KEGG pathway is a public database related to signaling pathways. It can use hypergeometric test to �nd the
signi�cant signal pathway of DEGs compared with the whole genome as the background, so as to obtain the
major functional and metabolic pathways involved in DEGs. We conducted KEGG Pathway analysis on the
up- and down-DEGs by R clusterPro�ler package(Bioconductor version: Release (3.8);
http://www.bioconductor.org/packages/release/bioc/html/clusterPro�ler.html)(13–15). The p.adjust < 0.05
and the number of parameter enriched genes ≥ 2 were set as the statistically signi�cant difference.

PPI network construction and the screening and functional
analysis of sub network modules
STRING database was used to analyze the differential proteins of signi�cantly DEGs, and constructed a
network of Protein-Protein Interaction (PPI). Based on the general histological principles of the functional cell
system, PPI is able to �nd functional associations among proteins on a genome-wide scale. We selected
Required Con�dence (combined score) > 0.4 as the threshold of protein-protein interaction, constructed the
network graph for the obtained PPI by using Cytoscape (Version 3.5.1) software, and analyzed the Degree of
nodes in the network by using network topological properties. The higher the degree of the node was, the
more important it was in the network. In present study, Molecular Complex Detection (MCODE) (16) plugin in
cytoscape was utilized to conduct the sub network module analysis in PPI network. The following
parameters were Set: Node score cutoff ≥ 2; degree cutoff ≥ 2; max depth = 100; and K-core ≥ 2. And
conducted KEGG pathway analysis on the module genes.

Survival analysis
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Prognostic information for BC were downloaded from the TCGA database, including total survival time and
vital status. The survival package of R was utilized to investigative the prognostic value in BC patients. All
samples were divided into either the high-expression group and the low-expression group according to the
median in terms of the expression of each hub-gene. The survival curves were plotted for the two groups by
the Kaplan-Meier method, and perform log-rank to analyze the prognostic correlation. P < 0.05 was
considered as statistically signi�cant difference.

Results

Data preprocessing and screening of DEGs
The gene expression dataset (GSE7476) was screened and downloaded from the GEO database. The
platform �le GPL570-55999 was used for the probe and gene matching, and a total of 20484 genes were
obtained. A total of 359 DEGs were identi�ed in BC from GSE7476 dataset by using the limma package of R,
including 62 up-regulated genes and 297 down-regulated genes. And, a total of 2,106 DEGs were identi�ed in
TCGA via edgeR package, including 1,293 up-regulated genes and 813 down-regulated genes. Finally, a total
of 220 DEGs (Table S1) were obtained by intersecting the up- and down-regulated DEGs in the two data sets
(Fig. 1), among which 28 DEGs were up-regulated and 192 DEGs were down-regulated.

GO analysis of DEGs
The clusterPro�ler package of R was used to annotate 28 up-regulated signi�cantly DEGs and 192 down-
regulated DEGs. We obtained a total of 172 BP categories by GO analysis of up-regulated DEGs, including
sister chromatid segregation, mitotic sister chromatid segregation, mitotic nuclear division and other
regulatory functions; 35 CC categories, including spindle, cyclin B1-CDK1 complex, anaphase-promoting
complex and other cell components; 4 MF categories, including histone kinase activity, DNA binding,
bendinga, cyclin-dependent protein serine/threonine kinase activity and cyclin-dependent protein kinase
activity molecular functions (Fig. 2A). A total of 124 BP categories were obtained by GO analysis of down-
regulated DEGs, including muscle contraction, muscle system process, regulation of muscle contraction and
other regulatory functions; 35 CC categories, including contractile �ber part,contractile �ber myo�bril and
other cell components; 14 MF categories, including glycosaminoglycan binding structural constituent of
muscle heparin binding and other molecular functions (Fig. 2B).

KEGG pathway enrichment analysis results of DEGs
Through R clusterPro�ler package, 28 up-regulated DEGs and 192 down-regulated DEGs were analyzed for
KEGG pathway signal pathway enrichment. The up-regulated DEGs were mainly enriched in 6 signaling
pathways, including Cell cycle, Oocyte meiosis, Cellular senescence and so on. ( Fig. 3A), while the down-
regulated DEGs involved in 15 signaling pathways, mainly including IL-17 signaling pathway, vascular
smooth muscle contraction,AGE-RAGE signaling pathway in diabetic complications and son on (Fig. 3B)
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PPI network construction and the establishment of sub
network module
We analyzed the DEGs by STRING database, obtained PPI network, and introduced it into Cytoscape
software for analysis. There are 178 nodes and 1383 relationship pairs in PPI network (Fig. 4A). gene with
node degree ≥ 10 were de�ned as the hub genes. A total of 41 hub genes were obtained (Table 1). Three
important module of PPI network (score > 5) were identi�ed via Cytoscape MCODE (Fig. 4B-D). KEGG
pathway analysis was carried out for the node genes of the three modules. The node genes of module 1
were enriched with a total of 4 signaling pathways, which were mainly enriched in Cell cycle, Oocyte meiosis,
Cellular senescence and p53 signaling pathway (Table 2); The node genes of module 2 were enriched with a
total of 44 signaling pathway, which were enriched in IL-17 signaling pathway, C-type lectin receptor
signaling pathway and Viral protein Human T-cell leukemia virus 1 infection and so no (Table 2); The node
genes of module 3 were enriched with 2 signaling pathways, which were enriched in Vascular smooth
muscle contraction and Tight junction (Table 2).
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Table 1
The hub genes in PPI network

Gene   Degree Gene   Degree

IL6 DOWN 27 MYL9 DOWN 15

JUN DOWN 26 MYH11 DOWN 15

FOS DOWN 24 TRIP13 UP 15

UBE2C UP 23 KIF4A UP 15

CDK1 UP 22 KIF20A UP 15

CDC20 UP 21 DLGAP5 UP 15

PTGS2 DOWN 20 BUB1B UP 15

EGR1 DOWN 20 FLNC DOWN 14

CCNB1 UP 20 DUSP1 DOWN 14

TPM1 DOWN 19 NR4A2 DOWN 13

ATF3 DOWN 18 GINS1 UP 13

CCL2 DOWN 17 CTGF DOWN 13

FOXM1 UP 17 CYR61 DOWN 13

TOP2A UP 17 TAGLN DOWN 13

FOSB DOWN 17 KLF4 DOWN 12

UHRF1 UP 16 LMOD1 DOWN 12

MELK UP 16 MYOCD DOWN 11

ACTC1 DOWN 16 EGR2 DOWN 11

TPX2 UP 16 CNN1 DOWN 10

ZWINT UP 16 ACTG2 DOWN 10

FLNA DOWN 15      
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Table 2
KEGG pathway analysis of the top three sub network module

Module   Name Count p.adjust Genes

Module
1

hsa04110 Cell cycle 4 2.31E-05 BUB1B/CDK1/CCNB1/CDC20

hsa04114 Oocyte
meiosis

3 0.00082404 CDK1/CCNB1/CDC20

hsa04218 Cellular
senescence

3 0.00106494 CDK1/CCNB1/FOXM1

Module
2

hsa04657 IL-17
signaling
pathway

5 8.95E-06 FOS/JUN/CCL2/IL6/PTGS2

hsa04625 C-type
lectin
receptor
signaling
pathway

5 8.95E-06 EGR3/EGR2/JUN/IL6/PTGS2

hsa05166 Human T-
cell
leukemia
virus 1
infection

6 8.95E-06 ZFP36/EGR2/FOS/JUN/EGR1/IL6

Module
3

hsa04270 Vascular
smooth
muscle
contraction

3 0.00066101 MYH11/ACTG2/MYL9

hsa04530 Tight
junction

2 0.03249374 MYH11/MYL9

  gene

up TOX3 HMGB3
CCNB1
KIF20AGINS1
BUB1B DLGAP5
TOP2AINA
OXM1 TRIP13
ZWINT CA2
KIF4A CDK1
HIST1H2BD
MELK TPX2
CDC20 UHRF1
PTPRR C4orf48
HIST1H1C
UBE2C MAGEA6
MMP1 FCRLB
PM20D1

downSupplementary Table 1.
DEGs in up- and down-
regulated differential
expression
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Module   Name Count p.adjust Genes

MYOC SYNM
MYH11 ACTC1
SCARA5
LRRC3B
SYNPO2 ASB5
FLNC PDZRN4
CASQ2 MYOCD
HSPB6 ATP1A2
HLF CNN1
C2orf40 OGN
ADH1B P2RX1
DES LMOD1
PRUNE2 FHL1
SORBS1 ACTG2
C16orf89 PLP1
PTGS1 TCF21
PCP4 NEGR1
GPR133 PLN
FAM107A C7
CPED1
KCNMB1 MYL9
REEP1 NR4A3
SDPR FOSB
PCOLCE2
FAM129A
SCN7A
C1QTNF7 EGR3
PRELP CRYAB
ZBTB16 CFD
RBPMS2 LPPR4
RAB9B
MAMDC2 AOX1
PDK4 TMOD1
MSRB3 ITIH5
FGL2 IL6 ASB2
TPM1 AOC3
DPT FXYD6
EGR1 PTGIS
ADAMTS1
CSRP1 BMP5
NEXN SBSPON
BCHE MAP1B
ASPA TAGLN
PRDM6 FLNA
TCEAL2 CH25H
CFL2 CCL2
RCAN2 HRDL1
GEM PRIMA1
PDLIM3 CILP
TMEM100
C11orf96
NR3C2 ATF3
PPP1R14A
MFAP4

Supplementary Table 1.
DEGs in up- and down-
regulated differential
expression
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Module   Name Count p.adjust Genes

SPARCL1PALLD
ACKR1 DUSP1
P2RY14
GPRASP1 FOS
RASL12 MRVI1
FOXF1 FXYD1
PLCB4 MRGPRF
RBM24 CTGF
NDNF RAB23
CYR61 SMOC2
SH3BGR ZFP36
SOX17 NR4A2
RGS2 PAMR1
FERMT2 NBEA
SLIT2 CSRNP1
RAI2 ZFPM2
LRRN4CL DDR2
ZCCHC24
CCDC80 LYVE1
COX7A1 JAM2
AKAP12
HSD17B6
MYOT BAG2
FILIP1L LRCH2
FBXL7 WFDC1
TCEAL7 SELE
ITGA5 EBF1
SYNC MFAP5
IER3 SRPX
KLF4 FBLN5
TMPRSS11E
APOLD1 GHR
AQP1 SPON1
MYADM
GPR124
DPYSL3 PTGS2
COL21A1
PTGDS PTX3
PPAP2B
SLC24A3 CPA3
EGR2 PRICKLE2
TGFB1I1
OLFML1
CYBRD1 DUSP5
CAP2 PRAC1
CLIC4 TPSB2
KLHL13 INMT
DNAJB4 TSLP
CRISPLD2 JUN
TGFBR3 PKIG
COLEC12
ITM2A TSHZ3
SETBP1 JAZF1
C8orf4

Supplementary Table 1.
DEGs in up- and down-
regulated differential
expression
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Survival analysis
The survival time and status of patients were downloaded from the TCGA database, and the survival
analysis of hub genes was carried out by combining the differential expression values of genes.15 hub
genes related to prognosis were obtained. They are JUN(P = 0.034), CDC20(P = 0.032), CCNB1(P = 0.00064),
TPM1(P = 0.0033), ACTC1(P = 0.0079), MYH11(P = 0.021), BUB1B(P = 0.042), DLGAP5(P = 0.042), FLNC(P = 
0.00012), CTGF(P = 0.017), CYR61(P = 0.033), TAGLN(P = 0.018), LMOD1 (P = 0.025), EGR2(P = 0.0079) and
CNN1(P = 0.014). The survival curve (Fig. 5) indicated that the survival rate of high expression of all hub
genes was poorer than that of low expression.

Discussion
BC is the most common urologic malignancy (2) with the feature of high recurrence and high mortality in
China (17). Bladder urothelial carcinoma is the predominant histologic type (4). Currently, resection of
bladder tumors is the most common surgical operation for noninvasive bladder cancer, but the recurrence
rate is still high (18). Therefore, the investigations of BC using bioinformatics may contribute to explore the
hub genes and important signaling pathways, reveal the development mechanism, and provide possible
molecular markers and potential therapeutic targets for the clinical diagnosis and treatment of BC.

In the present study, we downloaded a dataset GSE7476 from GEO and the sequencing data of BC from
TCGA. Comparison of gene data between the BC tissues and para-cancer tissues were performed by R
software. After the intersection, 220 DEGs were obtained, including 28 up-regulated genes and 192 down-
regulated genes. The up-regulated DEGs were mainly enriched in the BP, mainly including sister chromatid
segregation, mitotic sister chromatid segregation and mitotic nuclear division; in the CC, it was mainly
concentrated in spindle, cyclin B1-CDK1 complex and anaphase-promoting complex; in terms of MF, it is
mainly concentrated in the histone kinase activity, DNA binding bending and cyclin-dependent protein
serine/threonine kinase activity. The down-regulated DEGs were also mainly enriched in the BP, including
muscle contraction, muscle system process, regulation of muscle contraction and so on; in the CC, the main
components were such as the contractile �ber part, contractile �ber, myo�bril; in terms of MF, it is mainly
concentrated in glycosaminoglycan binding,structural constituent of muscle and heparin binding. The KEGG
pathway analysis showed that the up-regulated DEGs were co-enriched in 6 signaling pathways, which might
play an important role in the cell cycle signaling pathway. Cell cycle includes cell replication and cell division,
and it is closely related to cell growth, anabolism, and proliferation. The abnormal cell proliferation and DNA
replication are important causes of cancer. In the past, many studies have reported that cell cycle plays an
important role in the occurrence and development of tumors (19). In the occurrence process of tumor, it is
common that the cell grow out of control, basically manifested as cell cycle supernormal operation out of
control (20). Therefore, the changes of cell cycle affect in all probability the normal proliferation and
apoptosis of cells, and in-depth study of cell cycle is conducive to revealing the speci�c process of the
occurrence and development of tumors, sequentially helping to �nd key therapeutic targets. As shown by
KEGG pathway analysis, the down-regulated DEGs showed that these genes were involved in 15 signaling
pathways, and were most likely to play a signi�cant role in Interleukin 17(IL-17) pathway. IL-17 is a pro-
in�ammatory cytokine secreted primarily by activated CD4 (+) T helper cells, CD8 (+) T cells, and
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macrophages (21). It’s main biological functions include inducing tumor necrosis factor, stimulating
vascular endothelial cell migration and angiogenesis (22, 23). More and more reports indicate that IL-17
plays an important role in the occurrence and development progression of tumors, and its expression is
increased in prostate cancer (24), colorectal cancer (25), breast cancer (26), ovarian cancer (27),
hepatocellular carcinoma (28), non-small cell lung cancer (29) and other tumors. It has been reported that IL-
17 could promote the formation of blood vessels (30), shield the body from immune surveillance of cancer
cells (31) and promote the occurrence and development progression of tumors. However, it has also been
reported that IL-17 could inhibit tumor progression by enhancing the body's immune resistance to tumor,
thereby preventing tumor growth and metastasis (32, 33). Therefore, the study of these signaling pathways
may help clarify the carcinogenic mechanism of BC.

In the present study, PPI protein network was constructed to screen out 41 hub gene and three functional
modules. These modules are mainly concentrated in signaling pathways such as Cell cycle, IL-17 signaling
pathway and Vascular smooth muscle contraction. Then the prognostic survival of hub genes was analyed
by TCGA clinical follow-up data, and 15 hub genes signi�cantly related to prognosis were found. These
results suggested that these hub genes might play an important role in the development and prognosis of
BC.

Encoded by JUN, c-Jun is an oncogenic transcription factor. Wang SS et al. report that JUN is noted in the
high-risk groups of BC patients with higher expression, while the lower JUN expression groups have the
longer overall survival (34). Li Z et al. demonstrate that c-Jun is signi�cantly overespressed in aggressive
bladder cancer tissues and cell lines, and c-Jun is related with anti-proliferative factor (APF)-mediated
inhibition for bladder cancer cell growth (35). These reported suggest that JUN may inhibit the growth of BC
cell and lower expression of JUN may indicate the better BC prognosis. ACTC1 is reported to be down-
regulated in BC (36), which is consistent with the result of our RT-PCT experiment. The previous research
manifest that the expression of ACTC1 gradually increases according to WHO grade in glioma and ACTC1-
positive groups had a shorter survival time and poorer prognosis (37). However, our research found that the
expression of ATCT1 is closely related to the prognosis of BC, and the low expression of ATCT1 indicates a
good prognosis. ATCT1 may be a biomarker for prognosis evaluation of BC patients. Of course, more
research is also needed to verify this. In regards to connective tissue growth factor (CTGF), Chen et al. make
a conclude that urothelial carcinoma cells show increasing apoptosis using extrinsic pathways through
upregulation of CTGF (38). Previous researches reveal that CTGF can promoted the progression of tumor cell
and signi�cantly correlated with poor clinical prognosis in breast cancer(39).Yuen et al (40) found that TAZ-
AXL-CTGF overexpression are associated with colon cancer progression. In addition, CTGF and CYR61 both
belong to CCN (CYR61, CTGF, NOV) family of protein. Nevertheless, Jiang et al. show that the members of
CCN family play contradictory roles in progression of breast cancer with CYR61 appearing to be an
aggressive stimulator and CTGF acting as a cancer suppressor (41). Our results show that CTGF and CYR61
are related to the prognosis of BC patients, and down-regulated in BC. These molecules are pivotal targets
affecting the prognosis of BC although the role of these molecules in BC remains obscure. As a member of
the calponin family of actin-binding proteins, Transgelin (TAGLN) participates in cell motility and migration
(42). As is well-known, cell migration is the crucial process of cancer metastasis. Wu et al. certi�ed that
TAGLN overexpression promote the tumor progression in lung adenocarcinoma (43). Calponin h1(CNN1) is
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certi�ed to have the function of cytoskeleton-stabilizing and transformation-inhibiting by combining with
actin and related proteins (44). Therefore, CNN1 is possible to inhibit the tumor cell growth in the process of
cancer development. As a matter of fact, it is reported that downregulation of CNN1 is necessary for cell
transformation, and low of CNN1 expression is crucial for its metastasis in ovarian high-grade serous
carcinoma (44). Liu Y identify that TAGLN and CNN1 are connected to both overall survival and disease-free
survival in BC and act as potential prognostic molecular markers (45). Our researched also showed that
TAGLN and CNN1 expression was down-regulated in BC and closely related to the prognosis of patients with
BC. The hub gene EGR2 (early growth response 2 protein) which as a cancer suppressor is down-regulated in
gastric cancer, and the oncogenic effect of miR-20a is signi�cantly attenuated via up-regulated EGR2
expression (46). Low expression of EGR2 is associated with cancer metastasis and shorter survival in gastric
cancer patients (47). Unoki et al. demonstrats that EGR2 can induce the apoptosis of cancer cell lines by
activating the expression of BNIP3L and BAK (48). In our study, low expression of EGR2 was found to be
associated with a good prognosis in patients with BC. However, there are few studies on EGR2 in BC, and
more studies are needed. Myosin heavy chain 11 (MYH11) belongs to myosin heavy chain family, and the
mutation of MYH11 was related to is related to the development of intestinal cancer (49, 50). It has been
also reported to be a biomarker for BC. Hu et al. reported that Myh11 expression was signi�cantly lower in
tumor samples and the high expression of MYH11 was related to worse OS of BC patients, which was
consistent with our study (51). Filamin C (FLNC) is one member of the �lamin protein family, which was
associated with heart disease (52). The methylation of FLNC has reported in several cancers, such as
prostate cancer (53) and gastric cancer (54). These reports showed that the downregulation of FLNC can
induce the expression of matrix metallopeptidase, which can regulate the degradation of extracellular matrix
and cancer metastasis.

Similarly studies show that FLNC with low expression in BC was involved in tumor migration and invasion
(55). In addition, this study showed that FLNC is lowly expression in BC. And it was signi�cantly associated
with prognosis of BC patients.

Based on our results and the above literature, we believe that these hub genes may be potential prognostic
markers and therapeutic targets for bladder cancer. There, it is necessary and meaningful for further study to
investigate the speci�c mechanism of these genes in BC.

Conclusion
In summary, the present research screened out DEGs, hub genes and prognostic signature in bladder cancer
by bioinformatics analysis. Furthermore, this study may provide the potential prognostic biomarkers and
possible new therapeutic targets for bladder cancer. Future experimental study should be conducted to
clarify the pathogenic mechanism of bladder cancer.
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Figure 1

Venn diagram shows the number of up- and down-regulated DEGs in the two datasets, and cross regions
represent for the intersection DEGs in different datasets. 28 up-regulated genes and 192 down-regulated
genes were identi�ed in GSE7476 and TCGA databases.
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Figure 2

The top 5 enrichment of GO terms for up- and down-regulated DEGs. (A) The top 5 enrichment of GO terms
for up-regulated DEGs; (B) The top 5 enrichment of GO terms for down-regulated DEGs; The X-axis indicates
the number of genes, and the top 5 GO terms shown on the Y-axis; The color change between blue and red
denote the signi�cance of the correlation between low and high, and the different size of a dot represents
related the gene ratio. DEG, differentially expressed genes. GO, Gene Ontology; BP, biological process; CC, cell
components; MF, molecular function.

Figure 3

The top 5 KEGG pathway analysis results of up- and down-regulated DEGs. (A) The top 5 KEGG pathway of
up-regulated DEGs; (B) The top 5 KEGG pathway of down-regulated DEGs. The X-axis represents the number
of genes, and the top 5 KEGG pathway shown on the Y-axis; The color change between blue and red denote
the signi�cance of the correlation between low and high. KEGG, Kyoto Encyclopedia of Genes and Genomes;
DEG, differentially expressed genes.
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Figure 4

PPI network of DEGs and sub module of PPI network. (A) PPI network of signi�cantly DEGs, (B) important
sub network module 1 of PPI network, (C) important sub network module 2 of PPI network and (D) important
sub network module 3 of PPI network. Red nodes represent up-regulated DEGs, while green nodes represent
down-regulated DEGs. The increased nodes interactions indicate the greater biological signi�cance. PPI,
protein-protein interaction; DEG, differentially expressed genes.
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Figure 5

Prognostic relationship of hub genes in BC. (A) JUN; (B) CDC20; (C) CCNB1; (D) TPM1; (E) ACTC1; (F)
MYH11; (G) BUB1B; (H) DLGAP5; (I) FLNC; (J) CTGF; (K) CYR61; (L) TAGLN; (M) LMOD1; (N) EGR2; (O) CNN1.
The red line is the high expression group, while the blue line is the low expression group. The X-axis
represents the total survival time (months), and while the Y-axis represents survival probability.
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