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Abstract

Objective: To investigate the metastatic mechanism of muscle invasive bladder cancer (MIBC),

which accounts for approximately 30% of all bladder cancer cases, and is a considerable medical

problem with high metastatic and mortality rates.

Methods: The mRNA levels of patients with metastatic MIBC and nonmetastatic MIBC from

The Cancer Genome Atlas dataset were compared. An integrated bioinformatics analysis was

performed of the differentially expressed genes (DEGs), and analyses of Gene Ontology, Kyoto

Encyclopaedia of Genes and Genomes pathway, protein-protein interaction, and survival were

performed to investigate differences between metastatic and nonmetastatic MIBC.

Results: Data from 264 patients were included (131 with, and 133 without, metastasis). A total

of 385 significantly DEGs were identified, including 209 upregulated genes and 176 downregulated

genes. Based on results using the STRING database and the MCODE plugin of Cytoscape soft-

ware, two clusters were obtained. Moreover, two genes were identified that may be valuable for

prognostic analysis: Keratin 38, type I (KRT38) and Histone cluster 1, H3f (HIST1H3F).

Conclusion: The KRT38 and HIST1H3F genes may be important in metastasis of MIBC.
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Introduction

Bladder cancer is the tenth most prevalent
type of malignancy globally; an estimated
549 000 people develop the disease, and
200 000 people die each year. The incidence
of bladder cancer is higher in men than in
women (with an incidence of 9.6/100 000
and a mortality of 3.2/100 000 in men).1

Although the number of cases diagnosed
as non-muscle invasive bladder cancer
(NMIBC) is 2–4 times higher than that of
muscle invasive bladder cancer (MIBC),2,3

MIBC is more prone to recurrence or pro-
gression, and is the leading cause of death
from bladder cancer. The low survival rate
in patients with MIBC is attributed to
metastases to the local pelvic lymph nodes
and other organs at high risk.2 Once metas-
tases occur, the five-year survival rate of
patients with MIBC is approximately 6%,
and effective treatments are lacking.2,4

MIBC metastasis is the primary cause of
death,5 and exploring the mechanism of
MIBC metastasis is vital.

Several key genes, such as lymph node
metastasis associated transcript 1
(LNMAT1),6 long intergenic non-protein
coding RNA 958 (LINC00958, also
known as BLACAT2),7 Rho GDP dissoci-
ation inhibitor beta (ARHGDIB, also
known as RhoGDIb),8 and the long non-
coding RNA FOXD2 adjacent opposite
strand RNA 1 (FOXD2-AS1),9 are reported
to be related to MIBC metastasis.
Additionally, individual signalling
pathways, such as the phosphoinositide
3-kinase–AKT serine/threonine kinase 1–
mechanistic target of rapamycin kinase
and receptor tyrosine kinase–RAS– extra-
cellular signal-regulated kinase pathways,
which contribute to the progression of
MIBC, have recently attracted much atten-
tion.2 It is worth noting that overexpression
and mutations in fibroblast growth factor
receptor 3 (FGFR3) and each member of
the ERBB family are associated with

bladder cancer.10 Although some progress
has been made in investigating MIBC,
little therapeutic progress has occurred in
the past two decades, and molecular mech-
anisms underlying the development and
metastasis of MIBC remain unclear.

Patients with distant metastasis of blad-
der cancer are not suitable for surgery; there-
fore, cancer specimens with organ metastasis
are difficult to obtain. Due to the accessibil-
ity of The Cancer Genome Atlas (TCGA)
research network, determination of the path-
ogenic and metastatic mechanisms of MIBC
and screening for novel biomarkers with
prognostic value can be performed using
these data. The aim of the present study
was to increase knowledge of the metastatic
mechanism of MIBC by analysing sequenc-
ing and corresponding clinical data from
patients with MIBC downloaded from the
TCGA database (https://www.cancer.gov/
aboutnci/organization/ccg/research/structur
al-genomics/tcga). Gene-level data from
nonmetastatic and metastatic MIBC sam-
ples were analysed, and differentially
expressed genes (DEGs) were identified.
Subsequently, Gene Ontology (GO) term,
Kyoto Encyclopaedia of Genes and
Genomes (KEGG) pathway enrichment,
protein-protein interaction (PPI), and sur-
vival analyses were performed to identify
crucial genes and pathways that are closely
related to MIBC.

Materials and methods

Data acquisition and analysis

Bladder tumour transcriptome sequencing
data were downloaded from the TCGA
database with HTSeq-counts as the work-
flow type, transcriptome profiling as the
data category, and gene expression quanti-
fication as the data type. The cohort includ-
ed bladder cancer specimens and adjacent
nontumor specimens. After downloading,
the data were merged into a gene profiling
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matrix, the Ensembl gene (ENSG) numbers
in the matrix file were transformed into
gene symbols, and the individual genotypes
were annotated corresponding to the
Homo_sapiens.GRH.38.95.gtf file (down-
loaded from the official Ensembl website:
https://www.ensembl.org/index.html?redire
ct=no). Then, mRNA expression data were
extracted from the transcriptome sequenc-
ing data for subsequent analysis.

Documents that contained correspond-
ing clinical information were also down-
loaded from the TCGA. Demographic and
clinical data, such as patient age, sex, eth-
nicity, survival time and neoplasm tumour-
node-metastasis (TNM) stage, were
extracted. Samples with incomplete clinical
information were excluded. Bladder cancer
metastases were defined as lymph node
metastases (N1) and distant metastases
(M1), and some patients have both lymph
node metastases and distant metastases.
The samples were divided into a metastasis
group and a non-metastasis group.

The current study was approved by the
Ethics Committee of the Third Military
Medical University. Informed patient con-
sent was not required as the results shown
are based upon data generated by the
TCGA Research Network: https://www.
cancer.gov/tcga.

Identification of DEGs

RNA-seq data of nonmetastatic and meta-
static MIBC tissues were analysed via R
software, version 3.5.2 (originally devel-
oped at the University of Auckland, New
Zealand: cran.r-project.org) using the
edgeR software package, version 3.22.5,11

to identify DEGs. In the present study,
the DEGs were acquired by setting the fol-
lowing thresholds: log2-based fold change |
log2FC|>1 and P value< 0.01. The R pack-
age ggplot2, version 3.1.0 (cran.r-project.
org) was used to map the volcano plot of
all DEGs, and the R package pheatmap,

version 1.0.12 (cran.r-project.org) was uti-

lized to generate a heat map with the top 50

genes, using the largest logFC value.

GO and KEGG pathway enrichment

analyses of DEGs

The DEGs were divided into up- and down-

regulated DEGs with the aim of further

investigating their characteristics. Next, all

DEGs were analysed using GO and KEGG

pathway enrichment methods. The

Bioconductor R packages clusterProfiler,

version 3.10.1 and org.Hs.eg.db, version

3.6.0 (https://www.bioconductor.org/pack

ages/release/) were used to implement this

process. A P value <0.05 was considered

statistically significant.

PPI network analysis

A PPI network was constructed using the

STRING online database,12 to explore the

interactions among the encoded proteins of

the DEGs. Disconnected nodes in the net-

work were disregarded, and the required

interaction score was set at a high confi-

dence level (value¼ 0.7). After download-

ing information on the interactions among

the DEGs, the data were imported into

Cytoscape software (https://cytoscape.org/

) and the network topology was analysed

using the Cytoscape MCODE plugin to

determine the hub module and candidate

hub genes of the PPI network.

Identification of prognostic genes

Associations between gene expression and

survival were analysed using the R package

survival, version 2.43-3 (https://cran.r-proj

ect.org/src/contrib/Archive/survival/). Each

individual hub gene in both cluster 1 and

cluster 2 was subjected to survival analysis.

Then, the potential prognostic genes with a

P value< 0.05 were screened. Associations

between survival and key genes were
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verified using the UALCAN interactive

web portal.13

Results

Sample grouping and processing

The cohort obtained from downloading

bladder tumour TCGA transcriptome

sequencing data included a total of 433

tumour samples from 408 patients (414

bladder cancer specimens and 19 adjacent

nontumour specimens). TCGA documents

that contained corresponding clinical infor-

mation were also downloaded for a total of

412 cases. Following exclusion of samples

with incomplete clinical information,

patients were divided into those with or

without metastases. All samples in the non-

metastatic group had expression data, while

two samples in the metastatic group did

not. Finally, a total of 264 bladder

tumour mRNA samples were included for

analysis: 133 in the nonmetastatic group

and 131 in the metastatic group (Table 1).

Identification of DEGs

To thoroughly investigate differences

between the metastatic and nonmetastatic

groups, 385 significantly DEGs (209 upre-

gulated and 176 downregulated DEGs)

were identified (Figure 1). To more intui-

tively present the global expression changes

in the DEGs, the top 50 genes with the larg-

est fold change in expression were selected

in both groups and a heatmap was created

(Figure 2).

GO and KEGG enrichment analyses

of DEGs

Up- and downregulated DEGs were ana-

lysed using GO (Figure 3) and KEGG

(Figure 4) pathway enrichment methods to

determine the characteristics of the identi-

fied DEGs. The cellular components (CCs)

of the 209 upregulated DEGs were princi-
pally enriched in the DNA packaging com-
plex, nucleosome, nuclear nucleosome,
protein-DNA complex, intermediate fila-
ment, and intermediate filament cytoskele-
ton, and their molecular functions (MFs)
mainly included hormone activity, pattern

Table 1. Clinical features of 264 patients with
muscle invasive bladder cancer, divided into those
with or without metastasis.

Cancer status

Clinical feature

Metastasis

(n¼ 131)

Non-metastasis

(n¼ 133)

Survival time, days 698 889

Survival status

Alive 49 93

Dead 82 40

Age, years

<60 19 36

�60 112 97

Sex

Female 30 27

Male 98 106

Subgroup

Non-papillary 99 68

Papillary 30 63

T stage

T1 3 3

T2 39 67

T3 60 54

T4 28 7

N stage

N0 0 133

N1þ 129 0

M stage

M0 44 133

M1 10 0

Clinical Stage

I 0 1

II 0 64

III 0 65

IV 130 2

Grade

High 129 113

Low 0 19

Data presented as n days or n patient prevalence.

T, tumour; N, node; M, metastasis.
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binding and polysaccharide binding. These
genes mainly participate in the biological
processes (BPs) of epidermal cell differenti-
ation, epidermis development, keratiniza-
tion, keratinocyte differentiation, and
nucleosome assembly (Figure 3a). KEGG
analysis demonstrated that these upregu-
lated DEGs are principally related to indi-
vidual pathways such as systemic lupus
erythematosus, alcoholism, the oestrogen
signalling pathway, salivary secretion, and
viral carcinogenesis (Figure 4a). The 176
downregulated DEGs were mainly involved
in ion channel complexes, transmembrane
transporter complexes, transporter com-
plexes, cation channel complexes, the neu-
ronal cell body and other CCs. The
corresponding MFs included passive trans-
membrane transporter activity, channel
activity, substrate-specific channel activity
and ion-gated channel activity. These

genes mainly participate in the BPs that

regulate membrane potential (Figure 3b).

In terms of KEGG analysis, the

downregulated DEGs are mainly involved

in pathways such as the neuroactive

ligand-receptor interaction, pancreatic secre-

tion, and nicotine addiction (Figure 4B).

PPI network analysis

A PPI network with 175 nodes and 357

edges was constructed to further investigate

interactions among the proteins encoded by

the DEGs (Figure 5a). A total of 175 nodes

were further analysed by employing the

MCODE plugin to detect hub modules.

The top two significant modules were deter-

mined, and these two clusters contained

multiple histone family and keratin family

genes (Figure 5b). The top 30 hub genes

Figure 1. Volcano plot of the 385 DEGs. The transverse axis represents the logFC, while the vertical axis
represents the logFDR. Red, upregulated genes with a logFC �2; blue, downregulated genes with a logFC
�–2; DEG, differentially expressed gene; FDR, false discovery rate; FC, fold change.
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that may play vital roles in the metastasis of

MIBC are displayed (Figure 5c).

Survival analysis of key genes

Survival analysis was conducted with 21

candidate genes identified in the top two

significant modules, to identify genes that

may affect survival rate in patients with

bladder cancer. Two candidate genes,

Keratin 38, type I (KRT38) and Histone

cluster 1, H3f (HIST1H3F), were revealed

to exert significant effects on the overall

survival of patients with bladder cancer

(Figure 6). Patients whose tissues had high

HIST1H3F expression levels had signifi-
cantly longer overall survival than patients
whose tissues had low HIST1H3F expres-
sion levels (P< 0.05). Moreover, patients
with low KRT38 expression levels had a
good prognosis compared with those with
high expression (P< 0.05).

Discussion

The present study demonstrated that
KRT38 and HIST1H3F may be two novel
prognostic biomarkers of MIBC and may
exert an important function in the process
of MIBC metastasis. In addition, the pre-
sent research provides new information on
the mechanism of bladder cancer
metastasis.

Survival analysis revealed that patients
with low expression of the KRT38 gene
have higher survival rates. To the best of
the authors’ knowledge, the relationship
between KRT38 and bladder cancer prog-
nosis has not been reported previously. Few
reports have described the relationship
between this gene and diseases in Homo
sapiens, most likely due to the application
of sequencing technology, which allows the
identification of valuable molecules that are
not detectable by microarray technology.

As a member of the largest subgroup of
intermediate filaments, keratin is closely
related to the cellular cytoskeleton,14 and
keratin proteins are recognized to indicate
the differentiation status of tumour cells
and act as markers of prognosis in patients
with cancer.15,16 Previous studies have
revealed that keratin acts as a prognostic
marker in colorectal cancer, oral squamous
cell carcinoma (SCC), breast cancer, and
bladder cancer.14,17–19

Recently, an unsupervised hierarchical
clustering analysis was performed based
on MIBC gene expression profiling data
to define expression pattern subtypes, and
a subtype called ‘basal’ was verified by
researchers.17,20–23 The basal subtype is

Figure 2. Heatmap of the top 50 differentially
expressed genes with the largest logFC value.
Samples were subdivided and ordered into metas-
tasis or non-metastasis groups. The colour of each
dot represents the expression of the gene in the
sample. The deeper the red colour, the higher the
expression; the deeper the blue colour, the lower
the expression. FC, fold change.
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characterized by the level of keratins,
including keratin 5 (KRT5), keratin 14
(KRT14), keratin 6A (KRT6A or KRT6C)

and keratin 6B (KRT6B). Similar results
were obtained in a study by Kim et al;2 in
that the basal subtype accounted for 29%
of invasive bladder cancers, and the levels
of KRT14, KRT5, KRT6A/B, and keratin

16 (KRT16) were increased in these bladder

cancer tissues. The studies mentioned above

suggest that abnormally expressed keratins
are important in the development of blad-

der cancer and that KRT38 may be a prom-

ising prognostic biomarker.
In the present study, almost half of the

hub genes (11/30) obtained from the PPI

Figure 3. Dot plots showing Gene Ontology analysis results of: (a) upregulated DEGs with a logFC� 2;
and (b) downregulated DEGs with a logFC� 2. The colour of each dot represents the FDR of each term
involved in the analysis. The size of each dot represents the gene counts of this term involved in the analysis.
DEGs, differentially expressed genes; FDR, false discovery rate; BP, biological process; CC, cellular com-
ponent; MF, molecular function.

Figure 4. Dot plots showing Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathway analysis results
of: (a) upregulated differentially expressed genes (DEGs); and (b) downregulated DEGs. The colour of each
dot represents the P value of each term involved in the analysis. The size of each dot represents the gene
counts of this term involved in the analysis.
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network (Figure 5c showing the top thirty

genes) are members of the keratin family.

Previous studies have shown that cancer

cells can migrate and invade the body

after epithelial-mesenchymal transition.

Realignment occurs in the cytoskeleton

and epithelial biomarkers, and e-cadherin

and keratin are disrupted in this pro-

cess.24–26 Moreover, Joosse et al.27 reported

that changes in keratin levels occurred

during the lymph node metastasis of prima-

ry breast cancer. The results of the present

study are consistent with those of previous

studies and suggest that changes in keratin

expression may be associated with bladder

tumour metastasis. However, further explo-

ration and experimental validation are

needed.
The HIST1H3F protein, a replication-

dependent histone, has been suggested as

Figure 5. Protein-protein interaction (PPI) network analysis results, showing: (a) PPI network of differ-
entially expressed genes; (b) module analysis of the PPI network; and (c) top thirty hub genes identified from
the PPI network.

8 Journal of International Medical Research



a potential biomarker for various cancers,

and in SCCs of the larynx, the combination

of HIST1H3F with other molecules is used

to predict patient prognosis.28 However, the

present report is the first to indicate that

HIST1H3F may be used as a prognostic

marker in patients with MIBC. Histones

are indispensable structural proteins related

to DNA in eukaryotic cells and are divided

into five major families, H1/H5, H2A, H2B,

H3, and H4, of which, H1/H5 are consid-

ered linker histones, while the others are

considered core histones.29 Among the

hub genes involved in the present study,

except for HIST1H1E, which encodes a

linker histone, the remaining genes

(HIST1H4A-E, HIST1H2BB, HIST1H2

BI, HIST1H3F, and HIST1H3B) encode

core histones.29 Core histones have two

major functions, compacting DNA strands

and chromatin regulation, which are mainly

related to histone posttranslational modifi-

cations. Complex mechanisms, such as

covalent histone modifications and DNA

methylation, are used to dynamically regu-

late the chromatin structure.30 Similarly, in

the present study, the main GO terms of

cluster 1 were associated with protein-

DNA complex assembly, the nucleosome

and chromatin assembly. Considering the

Figure 6. Survival curves showing: (a) relationship between survival and key genes in the present study
population; and (b) validation of relationship between survival and key genes using UALCAN website tools.
Patients whose tissues had high Histone cluster 1, H3f (HIST1H3F) expression levels showed significantly
longer overall survival than patients whose tissues had low HIST1H3F expression levels. Moreover, patients
with low Keratin 38, type I (KRT38) levels had a better prognosis than those with high expression levels
(P< 0.05).

Liu et al. 9



functions of histones in previous studies, it
is concluded that the aberrant level of his-
tones may reflect the decreased control of
cell cycle progression, which is a typical
mechanism of rapid tumour proliferation.

The present study is based on the TCGA
sequencing database, and a total of 264
samples (metastasis: non-metastasis, 131:
133) were selected. Because the quantity of
samples was balanced, DEGs could be pre-
cisely determined. Moreover, routine meth-
ods of high-throughput data analyses,
including GO and KEGG enrichment anal-
yses, were also used.

The KEGG analysis revealed that upre-
gulated DEGs in MIBC are mainly related
to pathways such as systemic lupus erythe-
matosus, alcoholism, the oestrogen signal-
ling pathway, salivary secretion, and viral
carcinogenesis. Interestingly, one factor
that increases the morbidity and mortality
of infectious diseases and cancers is alcohol
consumption.31 Natural killer (NK) cells
have been revealed to exert a significant
inhibitory effect on tumour metastasis to
draining lymph nodes, while alcohol con-
sumption damages NK cells or inhibits
NK cell production. The decreased
number of NK cells in lymph nodes has
been related to increased melanoma metas-
tasis to draining lymph nodes.32 Based on
the present findings, it may be concluded
that similar mechanisms also play a signif-
icant role in the metastasis of bladder
cancer. Additionally, a recent study
showed that the loss of oestrogen receptor
(ER)a was positively associated with the
grade and invasiveness of tumours.33

Furthermore, the ERb level was upregu-
lated in high-grade/invasive tumours and
related to a poor prognosis. The results of
the current study support the results of pre-
vious studies from a different perspective.

The downregulated DEGs in MIBC
samples were found to be mainly involved
in pathways such as the neuroactive ligand-
receptor interaction, pancreatic secretion,

nicotine addiction, and cAMP pathway.

Fang et al.34 demonstrated that neuroactive

ligand-receptor interactions were related to

bladder cancer progression at the Ta-T1/

T1-T2 stages. Cigarette smoking is another

known risk factor for bladder cancer,35 and

DEGs were specifically enriched in nicotine

addiction pathways. In addition, a previous

study showed that activation of the cAMP

pathway could inhibit bladder cancer cell

invasion by targeting microtubule associat-

ed protein 4-dependent microtubule

dynamics.36 The reasons why DEGs in the

present study were enriched in several

unusual pathways, such as systemic lupus

erythematosus and pancreatic secretion

pathways, remain unknown; however, one

possible explanation is that the enrichment

methods that were used are based on over-

representation analysis (ORA) methods.

Although ORA methods provide robust

and reliable results, they have some limita-

tions in revealing the molecular mechanism

involved.37 Another possible explanation is

the present authors limited background

knowledge of bladder cancer.
In summary, using bioinformatics analy-

sis, crucial genes and pathways were identi-

fied that are closely correlated with the

prognosis and metastasis of MIBC. These

results may provide novel and promising

prognostic biomarkers for patients with

MIBC, and more detailed information for

exploring the molecular mechanism of blad-

der tumour metastasis. Nevertheless, fur-

ther molecular biology experiments are

needed to verify these findings.
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