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Bladder cancer (BC) is one of the most common malignancies in terms of incidence and
recurrence worldwide. The aim of this study was to identify novel prognostic biomarkers
related to BC progression utilizing weighted gene co-expression network analysis
(WGCNA) and further biocinformatic analysis. First, we constructed a co-expression
network by using WGCNA among 274 TCGA-BLCA patients and preliminarily screened
out four genes (CORO1C, TMPRSS4, PIK3C2B, and ZNF692) associated with advanced
clinical traits. In support, GSE19915 and specimens from 124 patients were used to
validate the genes selected by WGCNA,; then, CORO1C and TMPRSS4 were confirmed
as hub genes with strong prognostic values in BC. Moreover, the result of gene
set enrichment analysis (GSEA) and gene set variation analysis (GSVA) indicated that
CORO1C and TMPRSS4 might be involved in the process of epithelial to mesenchymal
transition (EMT) reversely. In addition, high expression of CORO1C was found to be
significantly correlated with tumor-infiltrating neutrophils (TINs), a negative regulatory
component that facilitates tumor distant progression and induces poor clinical outcome.
In conclusion, our study first identified CORO1C and TMPRSS4 as vital regulators in
the process of tumor progression through influencing EMT and could be developed to
effective prognostic and therapeutic targets in future BC treatment.

Keywords: bladder cancer (BC), weighted co-expression network construction (WGCNA), epithelial to
mesenchymal transition (EMT), CORO1C, TMPRSS4

INTRODUCTION

Bladder cancer is the 10th most common cancer in the world with an estimated 549,000 new cases
and 200,000 deaths in 2018 (1). The median age of tumor diagnosis is 73 years old, which is the
most elderly of diagnosis among all cancer sites (2), and the mortality rate increased by 1% per
year from 2000 to 2016 in the oldest old men (3), which means the probability of most bladder
cancer cases occurring with tumor progression and advanced disease before diagnosis still ranks
high. Current recognized treatments are radical resection and transurethral resection of bladder
tumor (TURBT) for muscle invasive bladder cancer (MIBC) and those treatments with or without
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FIGURE 6 | Hallmark GSEA and EMT GSVA of hub genes based on TCGA-BLCA mRNA data. Some representative top enriched pathways of CORO1C were (A)
epithelial to mesenchymal transition pathway, (B) angiogenesis pathway, and (C) hypoxia pathway. Only one downregulated GSEA result of TMPRSS4 enriched in (D)
mesenchymal transition pathway. (E) GSVA pathway score of mesenchymal state gene set and (F) epithelial state gene set vs. normalized Log2(FPKM + 1) expression
of CORO1C. (G) GSVA pathway score of mesenchymal state gene set and (H) epithelial state gene set vs. normalized Log2(FPKM + 1) expression of TMPRSSA4.

research, our study finds that high expression of TMPRSS4
predicts a better clinical outcome in bladder cancer, and this
finding has been verified in three data sets (two online and one
from our center). The relationship between TMPRSS4 expression
level and clinical traits also supports the protective role of
TMPRSS4 in bladder cancer, which might be related to its
counteractive function in the EMT process.

Coronin-like actin binding protein 1C (CORO1C), a member
of the WD repeat protein family, regulates the actin-dependent
process by assembling F-actin. In triple-negative breast cancer
(TNBC) cells, miR-206 inhibits cancer cell migration by directly
targeting CORO1C, which regulates actin filaments (33). In
breast cancer MDA-MB-231 cells, YBX1 could regulate invasion
and migration by regulating its downstream target CORO1C
(34). In lung squamous cell carcinoma, CORO1C was identified
as a target of the miR-1/133a cluster, and silencing CORO1C
inhibited cancer cell proliferation, migration, and invasion (35).
In gastric cancer, overexpressed CORO1C is associated with poor
prognosis and could promote metastasis by regulating cyclin
D1 and vimentin (22). In our study, the high expression level
of COROI1C also predicted poor survival outcomes in bladder
cancer, which is consistent with other cancer types.

The tumor microenvironment (TME) is the supportive nest
for tumor cells and can be divided into two parts: tumor
cells and the surrounding matrix. The matrix consists of a
variety of cells, including immune cells, microvascular cells,
lymphoid endothelial cells and fibroblasts, soluble factors,

signaling molecules, and extracellular matrix (36). During
tumor development, a series of complex changes occurs in
the tumor microenvironment, including the immune response
and infiltration of various immune cells, especially neutrophils,
which affect the initiation and development of tumors (37).
Many studies have shown that TINs promote the adhesion of
tumor cells to the epithelial monolayer and, thus, accelerate
the metastasis of tumor cells (38, 39). In pancreatic ductal
adenocarcinoma, TINs promote the EMT process and the
invasive growth of tumor cells (40). In epithelial-derived
tumors, an increasing number of neutrophils is usually a
marker of the systemic inflammatory response that triggers
the proliferation and metastasis of tumor cells by inhibiting
apoptosis, motivating angiogenesis, and inducing DNA damage
(41). Furthermore, neutrophils induce gastric cancer cells to
occur EMT, leading to migration and invasion of tumor
cells in TME (42). In nasopharyngeal carcinoma, CORO1C
promotes cancer cell migration and invasion by induction
of EMT (43). We infer that CORO1C may induce EMT in
bladder cancer cells by increasing neutrophil activity. Our
research first demonstrates that COROI1C positively relates
to neutrophil activation, neutrophil degranulation, neutrophil
activation involved in the immune response, neutrophil-
mediated immunity, and EMT. These results support the
view that COROIC is highly positively correlated with
EMT and ultimately leads to poor prognosis in bladder
cancer patients.
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FIGURE 7 | Evaluation of CORO1C expression and tumor immune infiltration based on TCGA-BLCA data. (A) Biological process of gene ontology enrichment for
WGCNA purple module. (B) Integrated plot presented some top GSEA enriched immune-related pathway associated with CORO1C expression. (C) Evaluation of
CORO1C expression level and immune infiltration level in BC via TIMER tool. (D) Relationship between CORO1C and 23 types of immune cells via ssGSEA analysis.
The Pearson correlative coefficients were marked following the name of each immune components (“*” represented statistical significance p < 0.01).

In the present study, WGCNA is used to construct a co-
expression network based on processed TCGA-BLCA data. We
also assess clinical features and attempt to find key modules that
are most relevant to the advanced stage of bladder cancer. Finally,
four modules and their corresponding candidate hub genes are
preliminarily identified for further validation. Survival analysis of
these candidate hub genes is performed in three data sets (TCGA-
BLCA, GSE19915, and an independent cohort of bladder cancer
patients from our center). Finally, COROIC and TMPRSS4
are screened out as hub genes that are significantly correlated
with OS. COROIC and TMPRSS4 might be two meaningful
clinical indicators in bladder cancer but appear to have opposite
prognostic value.

There are also some limitations in this study. First, the
molecular function of CORO1C and TMPRSS4 in EMT need to
be verified by biological experiments in vitro, which is in our
future research plan. Second, the concrete relationship between
COROI1C and neutrophils should be tested by co-culture or
by immunohistochemical marker staining. Overall, through the
integrated analysis of multiple data sets and the establishment of
a co-expression network by WGCNA, CORO1C and TMPRSS4
are found participating in the tumor progression with valuable

prognostic information in predicting bladder cancer patients’
outcome and might be appealing treatment targets in clinical
decision making.

MATERIALS AND METHODS

Bladder Cancer Data Sources and

Processing

The level three RNA-seq data and corresponding clinical
information of 412 BC patients were downloaded from the
TCGA database (https://cancergenome.nih.gov/). The exclusion
criteria were described as follows: (1) neoadjuvant chemotherapy
history, (2) unclear histological type of tumor, (3) TO or T1
stage of tumor, (4) inadequate follow-up information (missing
or <1 month), and (5) grade version not belonging to the
American Joint Committee on Cancer (AJCC) 6th or 7th edition.
Eventually, 274 patients were included in this study to perform
WGCNA. The microarray data set GSE19915 consists of 144
BC patients, and related clinical data were downloaded from the
Gene Expression Omnibus database (https://www.ncbi.nlm.nih.
gov/geo/) to verify the candidate hub genes found by WGCNA.

Frontiers in Oncology | www.frontiersin.org

June 2020 | Volume 10 | Article 931


https://cancergenome.nih.gov/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al. Biomarkers Predict Prognosis in BC

2%
4%
2%
(;; - E > 1.5%:
H § 1% H
£ § £
5 2% § s %
2 1% s
H § H
2 Ed <
1% 0s% 05%
Mutation data + Mutation data + Mutation data +
CNAdata + CNAdata + CNAdata +
<
% % %
5., %,
%, (4% %,
%, %, %,
%, S Q,
“ %"% %‘%

© Mutation ® Ampification @ Deep Deletion
© Mutation @ Ampiification © Mutation @ Deep Deletion

FIGURE 8 | PPI construction and genetic alteration analysis. (A) In WGCNA purple modules, genes highly related to CORO1C were established in a protein network.
(B) In WGCNA light green modules, protein interaction of genes highly related to TMPRSS4. (C) The strongest weighted genes network in WGCNA light green
module. (D) The overall genetic alternation status of two hub genes in TCGA-BLCA data. (E) The alternation type and frequency of CORO1C and (F) TMPRSS4,
respectively, in TCGA-BLCA data.

Construction of a Weighted Gene clustering. The similarity of each module was evaluated by the
Co-expression Network and Identification adjacency of the expression data and the similar modules were
of Candidate Hub Genes clustered together. Later, seven BLCA clinical traits (including

patient age, histological subtype of papillary and non-papillary
tumors, histological grade, tumor stage, and TNM information)
were selected, and the Pearson correlation with co-expression
modules was calculated and visualized by a heat map. Finally,
the “chooseTopHubInEachModule” function embedded in the
“WGCNA” package was used to recognize the candidate hub
genes that have the highest connectivity in each module.

A matrix includes the expression data of top 5,000 genes ranked
by median absolute deviation (MAD), which, retrieved from 274
TCGA-BLCA samples, was used to construct a weighted gene
co-expression network by R package “WGCNA” (6). First, to
construct a reliable sample tree, the samples with connectivity
less than —2.5 were filtered as outliers. Second, multiple soft
thresholding powers ranging from 1 to 20 were established to
select the appropriate indices (R> = 0.85) for a scale-free topology . . .
network construction with enhanced strong Pearson correlations Survival Analysis of the Candidate Hub

and weakened weak correlations between paired genes in the ~Genes

adjacency matrix. The adjacency matrix was then converted  Prognostic values of the candidate hub genes in TCGA were
into a topological overlap matrix (TOM), which could evaluate  assessed by Gene expression profiling interactive analysis
the network connectivity of a gene, and the corresponding  (GEPIA, http://gepia.cancer-pku.cn) online tools. Survival
dissimilarity (dissTOM) was generated by subtracting TOM  analysis in the GSE19915 data set was conducted for the
from 1. According to the TOM-based dissimilarity measure,  candidate hub genes using “survival” R package (https://CRAN.
genes were divided into different gene modules through the  R-project.org/package=survival). Tumor samples within the
dynamic tree cut method with a minimum module group size  above data sets were divided based on the candidate hub gene’s
of 30 for the resulting average linkage hierarchical clustering  median expressive value, and the survival analysis was estimated
dendrogram, and the modules with low credibility were identified by the Kaplan-Meier (K-M) survival curves of each patient with
and merged together with a height cutoff of 0.25 in the  overall survival (OS) as the end point.
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Functional Annotation of the Hub Genes
GSEA was carried out using the Java GSEA v4.0.1 desktop
program (http://software.broadinstitute.org/gsea/datasets.
jsp). Fifty referenced Hallmark gene sets from MSigDB
(http://software.broadinstitute.org/gsea/msigdb/index.jsp) were
downloaded to identify significant pathways associated with
hub gene expression. Gene ontology (GO) biological process
annotation of the hub gene associated modules was implemented
by R package “clusterProfiler” (44). In the gene set enrichment
analysis, large sets with more than 500 genes and small sets
with <15 genes were excluded from the results, and enriched
pathways with a cutoff threshold of p < 0.05 and FDR < 0.25
were considered valuable.

Variation Analysis Between the Hub Genes

and EMT Gene Sets

Based on the integration of published literature, EPITHELIAL-
MESENCHYMAL TRANSITION GENE DATABASE (dbEMT2,
http://dbemt.bioinfo-minzhao.org/index.html), =~ EMT-related
gene sets, epithelial-related gene sets, and mesenchymal-
related gene sets selected from MSigDB (http://software.
broadinstitute.org/gsea/msigdb/index.jsp), finally 370 epithelial-
related genes and 733 mesenchymal-related genes were
collected and further processed into an epithelial-related
gene set and a mesenchymal-related gene set, respectively.
The enrichment scores of the epithelial-related gene set
and mesenchymal-related gene set were calculated by the
“GSVA” package (45). Spearman correlation between epithelial
or mesenchymal gene set enrichment score and the hub
gene Log2 transformed expression data were estimated to
evaluate the relationship between the hub genes and the
EMT process.

Tumor-Infiltrating Immune Cell Analysis

Immunologic infiltration data were collected from the Tumor
Immune Estimation Resource (TIMER, https://cistrome.
shinyapps.io/timer/) platform to explore the correlation between
hub genes and tumor-infiltrating immune components. TIMER
is a comprehensive resource for the systematic analysis of
immune infiltrates across diverse cancer types. The abundance of
six immune cells (B cell, CD8™ T cell, CD4™" T cell, macrophage,
neutrophil, and dendritic cell) were evaluated by statistical
methods mining sequencing data retrieved from TCGA and
validated using pathological estimations (46, 47). To calculate
the consistency of results retrieved from TIMER, we collected 12
innate immune cells and 12 adaptive immune-related cytotoxic
components with the marker genes previously identified by
Bindea et al. (48) for further estimating by single sample
GSEA (ssGSEA), an extension embedded in the “GSVA” R
package. The quantification of RNA-seq abundance was first
standardized by calculating the transcripts per million (TPM)
to estimate the relative degree of the tumor-infiltrating immune
microenvironment among 274 TCGA-BLCA tumor samples;
after transforming the ssGSEA scores into a z-score distribution,
the normalized enrichment score of each immune component
was ranked from high to low by the Pearson correlation

with the expression of CORO1C and displayed in a heat
map form.

Protein Network Construction and Genetic

Alteration of the Hub Genes

We identified 1,273 genes that were highly correlated with
the expression of CORO1C and 164 genes that were highly
correlated with the expression of TMPRSS4, according to the
strict criteria of Pearson r > 0.4 and P < 0.0001. Finally,
163 genes that were regarded as the most closely related
genes with CORO1C were obtained from the intersection of
1,273 correlative gene sets and all 394 genes contained in the
WGCNA purple module (excluding CORO1C). Another 25
genes most closely related to TMPRSS4 were also determined
by the same method as described above. Cytoscape software
version 3.5.0 (https://cytoscape.org) was downloaded to visualize
the PPI network of the hub genes and their possible
co-expressed relationship. The genetic alteration type and
mutational frequency map of the hub genes were assessed
through the cBioPortal for Cancer Genomics (https://www.
cbioportal.org) (49).

Patients and Follow-Up

The study was approved by the Ethics Committee of the
First Affiliated Hospital of China Medical University with
informed consent obtained from all patients. All 124 BC
patients have suffered radical resection or TURBT in our
hospital between 2010 and 2012. According to the AJCC stage,
there were 88 cases of NMIBC and 56 cases of MIBC. The
mean follow-up period of patients was 49 months, and no
patients were lost to follow-up after surgery. OS was defined
as the time between surgical resection and death or the
last follow-up.

Immunohistochemistry of Tissue

Specimens

After fixation with 10% buffered formalin at room temperature
for 24h, the specimens were embedded in paraffin blocks,
and the samples were sliced into 4-pum-thick sections. Then,
the sections were deparaffinized using a graded ethanol series.
Antigen retrieval was performed by a combination of pressure
and heat in citrate buffer (pH 6.0) for 60s. Subsequently, we
incubated the sections with a CORO1C polyclonal antibody
(diluted 1:200; PA5-21775; Thermo Fisher Scientific; USA),
TMPRSS4 polyclonal antibody (diluted 1:200; ab188816; Abcam;
USA), PIK3C2B polyclonal antibody (diluted 1:200; ab231122;
Abcam; USA), and ZNF692 polyclonal antibody (diluted
1:200; PA5-63794; Thermo Fisher Scientific; USA) overnight
at 4°C. We used the streptavidin-peroxidase method to detect
antibodies, and phosphate-buffered saline (PBS) was used
as a substitute for the primary antibody as the negative
control. Positive controls were used to ensure technique
validity. All the sections were performed independently by
two experienced pathologists. When evaluating the staining
intensity, the staining degrees were classified as 0 (negative or
weak), 1 (moderate), or 2 (strong). The percentage of positive
cells was determined, and a score of 1 to 3 was defined
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as follows: 1 (<50%), 2 (50-75%), and 3 (75-100%). The
patients were divided into two groups based on the result
of multiplying the two scores: high expression (>3) and low
expression (<3).

Statistical Analysis

All statistical analyses were conducted using SPSS 24.0 (Chicago,
IL, USA) and R 3.6.0 (https://www.r-project.org/). R and
GraphPad Prism 6 (San Diego, CA, USA) were used to draw plots.
The Wilcox test was applied to compare the expression of hub
gene between different clinical groups. P < 0.05 was considered
statistically significant.
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