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Dysregulation of tumor microenvironment promotes malignant
progression and predicts risk of metastasis in bladder cancer
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Background: The tumor microenvironment (TME) is not only a key factor in the malignant progression
of cancer but also plays an indispensable role in tumor immunotherapy. As an important regulatory factor
in the TME, long non-coding RNAs (incRINA) are important for the development of bladder cancer. The
purpose of this study was to explore the molecular mechanism of malignant progression of bladder cancer
(BCa) from the perspective of immunology, establish a reliable signature, and evaluate its effect on prognosis,
metastasis, and the effectiveness of immunotherapy.

Methods: The TME was assessed by single-sample gene set enrichment analysis (ssGSEA) in 373 patients
with muscle invasive bladder cancer (MIBC) in The Cancer Genome Atlas (TCGA). Combining RNA
sequence data from 49 BCa patients in our center, we established TME-related prognostic signatures
(TMERPS) based on TME-related immune prognosis genes using weighted gene correlation network
analysis, selection operator Cox analysis, minimum absolute shrinkage, and survival analysis. Real-Time
Quantitative PCR was used for expression level analysis of related genes. Functional enrichment analysis and
nomograms were used to explore the potential impact of TMERPS on the immune system, prognosis, and
metastasis.

Results: The ssGSEA proved to be an accurate assessment of immune levels in BCa samples. TMERPS
was established based on six TME-associated prognostic IncRINAs and was shown to be closely associated
with prognosis, metastasis, and immune levels, and to have a significant stratifying effect on the therapeutic
efficacy of immune checkpoint inhibitors. Finally, three TMERPS-based nomograms were shown to be
effective in predicting prognosis, lymph node metastasis, and distant metastasis in BCa patients.
Conclusions: TMERPS can stratify BCa patients into different risk groups with different prognoses,
immunotherapy sensitivity, and risk of metastasis. TMERPS-based nomograms can effectively predict

prognosis and metastasis in BCa patients.
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Introduction

Bladder cancer (BCa) is the most common urinary system
tumor worldwide, with approximately 380,000 new cases
and 150,000 deaths each year (1). While most patients
(70-75%) are diagnosed with non-muscle invasive bladder
cancer (NMIBC) (2), approximately 25%are diagnosed
with muscle-invasive bladder cancer (MIBC), which is more
genetically unstable than NMIBC and carries a higher risk
of disease progression and metastasis (3). Daizumoto er al.
found that in early MIBC cells, binding of nuclear DDX31
to mutp53/SP1 enhances transcriptional activation of
mutp53 thereby enhancing MIBC invasion and leading to
faster progression of MIBC (4). Therefore, it is increasingly
important to find the key genes and related molecular
mechanisms for the malignant progression of NMIBC.

The tumor microenvironment (TME) has become a hot
spot in tumor study and has been proven to play a key role
in the growth and metastasis of tumors (5,6). The TME
may vary greatly between tumor types and locations and
may change continuously during tumor growth (7), while
changes in it can induce the malignant transformation of
other non-malignant cells to become highly aggressive and
motile (8).

Long non-coding RNAs (IncRNAs) are RINA transcripts
>200 bp, which can hardly encode proteins. Several studies
have shown IncRNAs can affect epigenetics, transcription,
and post-transcriptional gene expression, thereby playing a
wide range of regulatory roles in the functional activities of
cancer cells, including immune response, tumorigenesis, and
progression (9). Studies have shown that /ncRNA GASS can
promote the apoptosis of BCa cells by inhibiting EZH?2 at
the transcription level. At the same time, IncRNA has great
research value in the treatment of BCa, such as targeted
therapy and chemotherapy resistance (10,11), and is closely
related to all stages of tumor immunity, including antigen
recognition, antigen exposure, and immune activation
(12,13). Therefore, it is very important to identify immune
microenvironment-associated IncRINA and to investigate its
effect on the malignant progression of BCa.

In this study, the immune microenvironment was
assessed using ssGSEA on the expression data of 373
MIBC patients from the TCGA database and combined
with the sequencing data of 49 BCa patients in our center
to screen for immune IncRNAs associated with the
malignant progression of BCa using WGCNA. The TME-
related prognostic signature (TMERPS) was subsequently
established based on six TME-related IncRNAs. In addition,
we further explored the correlation of this signature with
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the immune system and immune checkpoint inhibitor (ICI)
treatment sensitivity and found it was strongly associated
with lymph node metastasis and distant metastasis. Finally,
the expression of six TME-related IncRNAs was validated
at the cellular level, and three nomograms based on
TMERPS were established for predicting prognosis, lymph
node metastasis, and distant metastasis in BCa patients,
respectively.

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4023).

Methods
Extraction of gene and clinical data

We collected 49 BCa specimens (14 cases of MIBC and
35 cases of NMIBC; uroepithelial carcinoma) from patients
who underwent transurethral resection of BCa or radical
cystectomy in the Shanghai Tenth People’s Hospital from
November 2019 to April 2020. All patients provided
informed consent in advance. After the collected samples
were fixed with formalin and embedded in paraffin, the
total RINA was extracted by the RNeasy FFPE kit (Qiagen,
Hilden, Germany) after dewaxing, and the paired terminal
library then synthesized from 100 ng/mL total RNA
using an ABclone all RNA-seq Lib Prep kit. Finally, the
sequence data of the sample was obtained using the Illumina
NovaSeq 6000 platform. All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the ethical standards of Shanghai Tenth
People’s Hospital (No: SHSY-IEC-4.1/19-120/01) and
informed consent was taken from all the patients.

The transcriptome RNA sequencing datasets (Fragments
per kilobase of exon per million reads mapped (FPKM)
of 430 patients with BCa (411 cases of tumor tissue and
19 cases of normal tissue; Uroepithelial carcinoma) were
download from The Cancer Genome Atlas (TCGA)
database (https://cancergenome.nih.gov/). The clinical
data of these BCa patients was derived from UCSC (http://
genome.ucsc.edu/index.html), and cases that lacked
complete data were deleted. The clinicopathological
characteristics of the data sets are shown in Table 1.

Immune grouping of samples and validation of grouping

To group transcriptome data from TCGA-derived MIBC
patients (T stages from T2 to T4) at the immune level, the
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Table 1 Information of data sets used in this study

TCGA (n=411)

Characteristic

Subtype

Non-muscle invasive bladder 35
cancer (NMIBC)

Muscle-invasive bladder cancer 373

(MIBC)

Unknown 3
Age

>65 years 258

<65 years 150

Unknown 3
Gender

Male 302

Female 106

Unknown 3
Stage

I 2

I 128

M 138

Y 135

Unknown 5
Grade

Low 20

High 383

Unknown 8
N stage

NO 236

N1-3 130

Unknown 45
M stage

MO 398

M1 10

Unknown 3

ssGSEA function package in the R software genome variation
analysis (GSVA) package was used to evaluate the infiltration
and function of tumor-infiltrating immune cells (TTICs)

subtypes in MIBC samples. To verify the effect of ssGSEA
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grouping, according to the transcriptional expression profile
of MIBC, the immune score, interstitial score, tumor purity,
and estimated score were obtained by “ESTIMATE” (R
packet), and the related heat map and cluster map were
drawn. The composition and infiltration of immunocyte
subtypes and activation of the immune response in MIBC
samples were determined by the CIBERSORT deconvolution
algorithm. The effectiveness of immune grouping was
verified by analyzing the expression of human leukocyte
antigen (HLA) and programmed cell death protein 1
(PD-L1) in different groups, and the Tumor Immune
Dysfunction and Rejection (TIDE) algorithm was applied to
assess the predictive validity of TMERPS for ICI response in
MIBC (http://tide.dfci.harvard.edu).

Screening of differential expressed mRNAs

The differentially expressed mRNAs between MIBC and
NMIBC samples in the BCa sample data of our center and
the differentially expressed mRINAs between tumor tissue
and normal tissue in the TCGA database were screened
using EDGER software (http://bioconductor.org/package/
EDGER/). After standardizing the original data with Edger
Bioconductor, we analyzed the differences between the two
groups of gene expression data, with the limited condition
set to log2 Ifold changel >1 and error detection rate (false
discovery rate, FDR) <0.05. A Venn diagram made by jvenn
(http://jvenn.toulouse.inra.fr/app/index.html) was also
constructed.

Weighted gene co-expression network approach (WGCNA)

The gene co-expression network was constructed using a
“WGCNA” R package v1.69 based on the expression matrix
of mRNAs. The gene that was differentially expressed
in tumor and normal tissues and closely associated with
BCa malignant progression is demonstrated in the Venn
diagram. Firstly, gene co-expression similarity was used
to construct a Pearson correlation coefficient matrix of
all paired genes, and a suitable p value was determined
to construct a scale-free network when the degree of
independence (R2) was 0.9. Subsequently, the weighted
adjacency matrix was transformed into a topological overlap
matrix (OM), which measured the network connectivity
of a gene. We used a gene dendrogram with a minimum
module size of 50, and some highly similar modules with
correlation higher than 0.7 were merged. Finally, genes
with similar expression profiles were grouped into gene
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modules by averaging linkage hierarchical clustering based
on the TOM-based difference measure. All genes were
represented by the expression of module eigengene (ME) in
a specific module, and the module most associated with the
TME score (ESTIMATEScore) (Ir] =0.82) was selected for
further analysis.

Establishment of TME-related IncRNAs signature

To obtain the key prognostic related differentially
expressed immune microenvironment-related IncRNAs
(DEIRLSs), univariate Cox regression analysis of DEIRLs
was performed using “survival” R software package with
the screening criteria set to P<0.01, and the core prognostic
DEIRLs were then identified. Multivariate Cox regression
analysis of DEIRLs was carried out with the screening
criteria of P<0.01, then a Cox regression model with LASSO
was used to reduce noise or redundant genes. The optimal
values of the penalty parameter A were determined through
10 cross-validations and the risk model gs constructed in
view of the results. The signature formula is as follows:

Risk score = gl xexp IncRNA 1+ £2 xexp IncRNA 2
o +enxexp IncRNAn

(1]

In this signature, P represents the regression coefficient
of lasso Cox regression, and expLncRNA is the expression
level of core prognostic related DEIRLs. Based on the
median of risk socre we divided the sample into a high-risk
group and a low-risk group.

GEO and KEGG gene sets (v7.2) were downloaded
from http://software.broadinstitute.org/gsea/downloads.jsp)
using a GSEA3.0 application program, and then gene set
enrichment analysis was used to screen out the function and
pathway of the Normalized Enrichment Score (NES) >2;
FDR <0.05.

Verification of prognostic signature of TME-related
IncRNA

Over-fitting between the core prognostic DEIRLs and
the lasso COX regression was firstly excluded. According
to the median risk score of the MIBC samples derived
from TCGA, the samples were divided into a high-risk
score group and low-risk score group. Survival analysis
was carried out through the R “survival” software package
and using log2 (normalized value + 1) data format, and the
prognostic value of the two groups of samples was further
evaluated. Principal component analysis (PCA) was used
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to visualize the dimensionality reduction of samples in
different groups by “limma” and “scatterplot3d” (R packet).
The TIMER database provides 10,897 samples from
32 cancers and provides a wealth of TIICs, including CD4+
T cells, B cells, CD8+ T cells, macrophages, dendritic cells,
and neutrophils. We further investigated the relationship
between the prognostic signature of immune-related
IncRNA (risks core) and TIICs.

Nomogram development and validation

Univariate and multivariate Cox regression analyses were
invoked to predict the effect of TMERPS and other
clinicopathological characteristics on prognosis and
metastasis. Factors that were significant in multivariate
Cox regression analysis were subsequently used to create
prognostic and metastatic nomograms, which were validated
by the consistency index (C-index) and calibration plots
using the “Rms” R package v5.1 (https://cran.r-project.org/
web/packages/rms/index.html) in R.

Cell culture

Human normal bladder epithelial cell lines SV-Huc-1
and BCa cell lines (T24, J82, and MGH-U3) were
derived from the cell bank of the Chinese Academy of
Sciences. Human cell carcinoma cell line RPMI-1640
(Gibco; Thermo Fisher Science, Inc.). Middle school
training. Contains 10% fetal bovine Fisher Science,
Inc. (HyClone; GE Healthcare Life Sciences) and 1%
penicillin/streptomycin). SV-Huc-1 cells were cultured
in a keratinocyte culture medium (Scientific Cell
Research Laboratory, Inc.) using 1% keratinocyte growth
supplement (Scientific Cell Research Laboratory, Inc.). All
cells were cultured in 37 °C and 5% CO.,.

RNA isolation and reverse transcription-quantitative PCR
(RT-qPCR)

Total RNA of the cell was isolated by using TRIzol®
reagents (Thermo Fisher Scientific, Inc.) referring to
the manufacturer’s protocol. SuperScript III reverse
transcriptase (Thermo Fisher Scientific, Inc.) was used for
reverse transcription, and qPCR was performed by SYBR®
Green PCR Master Mix (Thermo Fisher Scientific, Inc.)
and a 7900HT fast real-time PCR system. The thermal
cycle conditions of the corresponding kit were as follow:
95 °C for 10 minutes, 95 °C for 10 minutes followed by 40
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cycles of 95 °C for 10 seconds and at 60 °C for 1 minute.
The relative mRNA level was normalized with GAPDH
as control, and the results were analyzed using the 274G

method. Primer sequences are shown in Table S1.

Statistical analysis

The Wilcoxon test was used to compare differences in the
proportion of TIICs and the expression level of immune
response activation between the high-risk score group
and low-risk score group. One-way ANOVA or t-test
was used to assess the risk scores of patients grouped by
clinical characteristics, and Kaplan-Meier and log-rank
tests were used to compare disease-specific survival (DSS),
progression-free interval (PFI), and over survival (OS)
of BCa patients between the low- and high-risk groups.
Receiver operating characteristic (ROC) curves were used
to investigate the predictive accuracy of risk scores on
prognosis, and an independent t-test was used to test the
differences between clinical parameters. The index with
statistical significance was P<0.05. Principal PCA was
used to investigate differences in gene expression patterns
between subgroups of BCa samples. The “corrplot” R
package v0.84 and “Pheatmap” R package v1.0.12 were used
for correlation of matrices and heatmaps, respectively. In
addition, SPSS 22.0 (SPSS, Armonk, NY, USA), GraphPad
Prism V7 (GraphPad Software, Inc), and R v3.6.1 (https://
www.r-project.org/) were used for statistical analysis of the
study results. A two-sided P value <0.05 was considered to
be significantly different.

Results
Establishment and analysis of TIICs group in MIBC

In this study, 373 MIBC samples were obtained from the
TCGA database, and the ssGSEA score was then applied
to the transcriptional group of BCa samples to explore the
infiltration of various immune cell subtypes in the samples.
Furthermore, by using an unsupervised hierarchical
clustering algorithm, the MIBC samples were divided into
two groups; a low-level group of immune cell infiltration
(n=196) and high-level group of immune cell infiltration
(n=175) (Figure 1A). Based on the sample transcriptome
data, the estimated score, tumor purity, matrix score, and
immune score were obtained by estimation algorithm. The
results showed that the low-level group of immune cell
infiltration had high tumor purity, but higher estimated
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scores, matrix scores, and immune scores (Figure 1B). A
violin map also shows the difference between the two
groups. (Figure 1C). In addition, there was a significant
difference in the expression of HLA-related genes and PD-
L1 between the high-level group of TIICs and the low-
level group of immune cell infiltration (Figure 1D,1E). The
CIBERSORT method was then used to further verify the
effectiveness of the ssGSEA scoring system, and the results
showed that the total number of immune cells in the high
TIICs group was higher than that in the low TIICs group,
and more importantly, the infiltration level of macrophage
1 (M1) in the high-level group of TIICs infiltration was
significantly higher than that in the low-level group of
TIICs infiltration (P<0.001). Previous studies have shown
that M1 is closely related to the invasion and progression
of BCa (Figure 1F). The verification results show that the
grouping method is meaningful.

Screening of differentially expressed mRNAs

Based on the filtering criteria of FDR <0.05 and [log2FCI
>1, 4,902 differentially expressed genes (DEGs) between
BCa samples and normal samples, and 3,239 DEGs between
NMIBC and MIBC samples were extracted using the Edger
algorithm (Figure 2A4,2B). After taking the intersection
of these two sets of differential genes using the Venn
diagram, 388 genes that were both differentially expressed
between MIBC and NMIBC samples and also differentially
expressed in BCa and normal tissue samples were obtained
(Figure 2C). After KEGG analysis of these 388 genes,
the results suggested that “Focal adhesion”, “Fanconi
anemia pathway”, “ECM-receptor interaction”, “Primary
immunodeficiency”, and “PPAR signaling pathway” were
most frequently enriched in the gene set (Figure 2D).

Identification of TME-related IncRNAs

Co-expression analysis was performed for 411 BCa samples
in the TCGA dataset. According to the WGCNA method,
395 samples were selected for subsequent analysis after
cluster analysis to exclude samples with large differences
(Figure 3A). During the power-down analysis, a B value =6
(Free ratio R2 =0.9) was considered the best soft threshold
(Figure 3B), and four gene modules were identified
(Figure 3C), among which turquoise color module (r=0.87,
P<0.001) had the strongest correlation with ImmuneScore
(Figure 3D) As the genes in the module were strongly
correlated with the module itself (r=0.92; P<0.001)
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Figure 2 Extraction of differentially expressed malignant progress related-mRNAs between tumor and normal samples. (A) The heatmap
shows the expression of differential genes between tumor and normal samples; (B) the heatmap shows the expression of differential genes
between NMIBC and MIBC samples; (C) the Venn diagram shows the results of the intersection; (D) the Circle Chart shows the results
of the Kyoto Encyclopedia of Genes and Genomes enrichment analysis of malignant progress related-mRNAs between tumor and normal
samples.

(Figure 3E), this was selected as the most important module.
Finally, 166 TME-related mRNAs were extracted from the
module, and eight TME-related IncRNAs were obtained by
classifying the genes in it.

Establishment and verification of TME-related prognostic

signature

After integrating the survival data from BCa samples with

© Annals of Translational Medicine. All rights reserved.

transcriptomic data, we performed univariate Cox analysis
on the integrated dataset (filtering criteria set at P<0.01)
to obtain six differentially expressed IncRNAs (Figure 44).
We also performed Lasso regression analysis on these
IncRNAs to eliminate intergenic overfitting, and identified
six TMEs significantly associated with prognosis related
IncRNAs and their corresponding coefficients (Figure
4B,4C). Finally, TMERPS was constructed based on the
product of the expression levels of the six genes in the BCa
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sample transcriptome data and the corresponding LASSO
coefficients. The risk score was calculated as follows:
[(GATA3-ASI expression level* - 0.0860650794104812)
+ (LINCO01833 expression level* - 0.0822837147394176)
+ (AATBC expression level* - 0.164449913716706) +
(TRG-AST expression level* - 1.62038803393117) +
(AL158206.1 expression level* - 0.02743900806555) +
(AL390719.2 expression level* — 0.119203625788951)].
Based on the median risk score, 411 BCa samples were
divided into a high-risk score group and a low-risk score
group, and Kaplan-Meier curves were used to further
explore the significance of TMERPS on tumor prognosis.
The results showed that the OS (P<0.001) was worse in
the high-risk score group than in the low-risk score group
(Figure 4D), and the area under the ROC curve (AUC)
of the risk score for predicting OS at 1-, 2-, and 3-year

© Annals of Translational Medicine. All rights reserved.

was 0.689, 0.708, and 0.723, respectively (Figure 4E). The
high-risk score group also had worse DSS (P<0.001) and
PFI (P<0.001) than the low-risk fraction group (Figure
4FE4G). The survival curves for the clinical staging subtype
samples showed that the genetic model was significant
in predicting the prognosis of MIBC (T2-4) patients
(P<0.001) but not NMIBC (T0-1) patients (P>0.05) (Figure
4H,4l). The GSEA results against TMERPS showed that
the markers of tumor malignancy were the hallmarks of
tumors, including cell migration and aggregation; negative
regulation of the WN'T signaling pathway, and response to
inflammatory cytokines. The pathways involved included
the transforming growth factor-p (T'GF-B) signaling
pathway, bladder cancer, and ECM pathway, and these
functions and pathways were mainly enriched in high-risk
subgroups (Figure 47,4K).
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Validation of correlation between TME-related prognostic
signature and immune system

The bar graph shows the TIICs in 373 MIBC samples
(Figure 5A). The box plot results suggested there was a
significant difference in the level of activation of tumor-
related immune responses, such as APC- co-stimulation,
immune check-point, HLA, T cell-co-stimulation, and
Type-I-IFN-Response, between both the high-risk
group and low-risk group (P<0.001; Figure 5B). The
TIDE algorithm based on MIBC patient transcriptomic
data was used to verify whether TMERPS could predict
immunotherapy benefit in the TCGA-MIBC cohort. The
ICI response results for each patient are shown in Table
S2, and the bar graph results show a significant reduction
in ICI responders in TMERPS-low risk patients compared
to TMERPS-high risk patients (Chi-square test, P=0.031;
Figure 5C). The violin plot demonstrates the relationship
of immune cell infiltration between the high TMERPS-
risk score group and low TMERPS-risk score group,
and the results show that B cells native, B cells memory,
CD8+T cell, CD4+T cell, CD4+T memory activated,
T cells follicular helper, NK cells activated, Monocytes,
Macrophages M0, Macrophages M1, Macrophages M2,
Dendritic resting, Dendritic resting activated, and Mast cells
resting were significantly different between the two groups
(P<0.05; Figure 5D). This demonstrates the TMERPS-
risk score is positively correlated with immunotherapy
response in MIBC patients. In conclusion, TMERPS is
closely associated with immune cell infiltration and immune
response and has the potential to be used as a predictor of
immunotherapy efficacy.

Correlation between TME-related prognostic signature
and clinical characteristics

According to the results of PCA, compared with the whole
gene dimension, the TME-related prognostic signature
could effectively divide the samples into a high-risk score
group and low-risk score group (Figure 64,6B), and the
correlation analysis of the TMERPS-risk score with clinical
characteristics, such as T/M/N stage, age, and grade,
showed that risk scores correlated with the progression of T
stage, M stage, STAGE, and N stage (Figure 6C-6F). These
results suggested the TMERPS-risk score correlates with
the invasion and metastasis of BCa, and guided the next
phase of the analysis.

© Annals of Translational Medicine. All rights reserved.
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Validation of TME-related prognostic genes expression by
in vitro experiments

RT-qPCR was used to validate the expression of the six
TME-related prognostic genes GATA3-AS1, LINC01833,
AATBC, TRG-AS1, AL158206.1, and AL390719.2 between
three human BCa cell lines (124, U3, and J82) and one
human normal bladder epithelial cell line (SV), and the
results suggested these six genes were significantly under-
expressed in tumor cells (Figure 7).

Establishment and validation of OS-related nomograms
based on the TMERPS

In the TCGA-BCa cohort, univariate Cox regression
analyses demonstrated that age, stage, T-stage, N-stage,
and TMERPS-risk score all had prognostic value for OS.
These factors were subsequently used in multivariate Cox
regression analyses, and the results suggested they remained
significantly associated with OS (Figure §4). Nomograms
for OS at 1-, 3-, and 5-year were created based on
TMERPS-risks score, age, T stage, and N stage (Figure 8B),
and the C-index of the nomogram was 0.71+0.02 (mean *
standard error), indicating that the predicted results were
generally consistent with the actual OS of BCa patients.
Finally, the calibration plots visually showed that the
predicted outcomes of the nomograms were in strong
agreement with the actual prognostic outcomes at 1-, 3-,

and 5-year (Figure 8C-8E).

Establishbment and validation of metastasis-velated
nomograms based on the TMERPS

In the TCGA-BCa cohort, univariate Cox regression
analysis showed that TMERPS-risk score, grade, T-stage,
and age all had prognostic value for the presence or
absence of lymph node metastasis. Subsequent use of
the above factors in multivariate Cox regression analysis
showed that TMERPS-risk score, grade, and T-stage
remained significantly associated with the presence of
lymph node metastasis (Figure 94). Nomograms predicting
the presence or absence of lymph node metastasis were
created based on TMERPS-risk score, grade, and T-stage,
respectively (Figure 9B). The C-index of the nomogram
associated with lymph node metastasis was 0.74+0.02 (mean
+ standard error). The calibration plot visually showed
that the predicted results of the lymph node metastasis-

Ann Transl Med 2021;9(18):1438 | https://dx.doi.org/10.21037/atm-21-4023
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Figure 5 Correlation analysis of immune microenvironment-related prognostic signature and immune system. (A) Bar plot showing the

infiltration of immune cells; (B) comparison of the activating of immune response between high-risk score and low-risk score groups,

***P<0.001; (C) comparison of treatment effect with ICIs between high-risk score and low-risk score groups; (D) comparison of immune cell

infiltration between high-risk score and low-risk score groups.
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Figure 7 Validation of TME-related prognosis IncRNAs expression at the cellular level. (A-F) The expression levels of six genes in one
bladder normal epithelial cell lines versus three bladder cancer cell lines. **P<0.01; ***P<0.001; ****P<0.0001, respectively. TME, tumor

microenvironment.

related nomogram were consistent with the actual results
(Figure 9C). Similarly, based on the results of COX
regression analysis, TMERPS-risk score with T-stage
was used to construct the nomogram (Figure 9D,9E)
to predict distant metastasis, and the C-index of the
nomogram associated with distant metastasis was 0.95£0.05
(meanzstandard error). Finally, the prediction result of
the nomogram associated with distant metastasis was also
consistent with the actual result (Figure 9F).

Discussion

MIBC has a poor prognosis, a high risk of lymph node
metastasis and distant metastases, and a lack of effective
treatment options. Inhibitors of programmed death-
ligand 1 (PD-L1)/programmed cell death protein-1
(PD-1) are ICIs of MIBC and can activate the toxicity of
immune cells and inhibit the occurrence and development
of tumors. While ICIs significantly prolong the survival
time and reduce the risk of metastasis of patients with
advanced MIBC (14,15), the immunotherapeutic response
of MIBC to ICIs is heterogeneous, and the therapeutic
effect is difficult to predict. Some investigators have noted
that the effect of immunotherapy on MIBC depends on
the level of activation of the TME immune response

© Annals of Translational Medicine. All rights reserved.

(16,17). However, different TME characteristics have
different effects on the tumor. Galon et /. (16) noted
that patients with high immune cell infiltration have high
levels of immune activation, suggesting that ICI may be
effective in these patients and, conversely, patients with
low immune cell infiltration are less responsive to ICI.
The TME is a complex system composed of immune cells,
stromal cells, and microvascular systems, which plays an
important role in the occurrence, metastasis, and response
to immunotherapy of tumors (18). In studies at the
in vivo level, Fantini et al. (19). demonstrated similarities
between the N-butyl-N-(4-hydroxybutyl)-nitrosamine
(BBN) mouse model and human MIBC, providing strong
evidence for subsequent studies of molecular mechanisms
and drug discovery studies of MIBC at the in vivo level.
Korac-Prlic et al. (20). used the BBN mouse model to
demonstrate that IL-6/Stat3 signaling in bladder cancer
and gave a rationale for the use of Stat3 inhibitors in
human MIBC alone or in combination with anti-PD-L1
and anti-IL-6 therapies as a therapeutic option.

However, at present, the relationship between the TME
and the development and immunotherapy of BCa is still
unclear.

Current studies have shown that BCa occurs with the
involvement of multiple genes with complex pathological

Ann Transl Med 2021;9(18):1438 | https://dx.doi.org/10.21037/atm-21-4023
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variables with significant relationships with OS; (B) nomogram to predict the probability of 1-, 3-, and 5-year OS; (C-E) calibration plots of
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mechanisms rather than relying on the involvement of
a single gene (21,22), and on this basis, our research has
focused on the application of establishing multigene
signatures (23,24). The construction of risk models based
on the expression levels of immune-related genes for
the prediction of prognosis and metastasis as well as the
adjustment of immunotherapy strategies is a major research
topic (25,26). By combining the TCGA-BCa dataset and
our BCa RNA-sequence dataset with differential analysis,
WGCNA, Cox regression analysis, Lasso Cox regression

© Annals of Translational Medicine. All rights reserved.

analysis, and survival analysis, a TMERPS based on six
TME-related prognostic genes differentially expressed
between NMIBC and MIBC was established. The results
showed that TMERPS had a significant impact on the
OS and DSS of BCa patients, and PFI had a significant
stratification effect. In addition, the prognosis of the high-
risk group was significantly worse than that of the low-risk
group. All these results proved that the signature was more
effective in predicting the prognosis of MIBC patients.
Follow-up gene function and pathway enrichment
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analysis showed that the dysregulated expression of these
six TME-related prognostic genes was associated with
the activity of multiple oncogenic pathways, particularly
with extracellular matrix (ECM) components receptor
interaction, which is a highly dynamic physiological
structure thought to be closely associated with the
metastasis and progression of malignancy (27). Imbalance
of this structure often accompanies cancer growth and
triggers pathological ECM remodeling, which promotes
tumor development and metastasis through the induction
of pro-fibrotic or integrin-regulated mechanisms (28-32).
As important components of the TME, ECM play
a central role in tumorigenesis and progression, and
an abnormal microenvironment can induce tumor
progression (33,34). It has been shown that HER2/neu
transformation increases the proportion of immortalized
human breast epithelial cells with high CD44/low CD24,
giving the cells the stem cell properties required for the
EMT initiation process (35). Furthermore, Jeon et al. (36)
demonstrated that HER2 expression levels positively
correlated with the expression of fibronectin in breast
cancer cells, where fibronectin is a major component of
the ECM that triggers cell adhesion and cell invasion.
And current drug experiments show that rastuzumab or
Herceptin can selectively bind to HER2 receptor and
inhibit the signaling pathway downstream of this gene.
thereby inhibiting the proliferation of tumor cells (37).
In addition, malignant features of tumors, including the
WNT signaling pathway, TGF-b signaling pathway,
intercellular adhesion-related pathways, cancer pathways,
and bladder cancer were significantly associated with
a subset of high TMERPS scores. Finally, functional
analysis for the subgroup with high TMERPS scores
suggested that the high scoring group was associated with
responses to IL-1 and IL-6, and it was shown that these
inflammatory factors, which are closely related to the
TME, can influence tumor proliferation, differentiation,
and metastasis by chemotactic immune cells or stimulating
CRP production (38).

The distribution of TIICs and the activity of the immune
system have important implications in immunotherapeutic
strategies (39,40). By assessing the response of TIICS to the
immune system, we found that TMEPRS correlated with
multiple TIICs, with TIMERPS positively correlating with
macrophage subtypes and negatively correlating with CD8+
T cells. Macrophages have an immunosuppressive function
and have a negative prognostic effect on BCa, whereas
CD8+ T cells have significant cancer suppressive effects as

© Annals of Translational Medicine. All rights reserved.
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tumor-killing T cells. This result side by side supports the
finding that TMERPS indicates a negative prognosis for
BCa patients (41-43). Furthermore, TMERPS was found
to be positively correlated with the activity of the body's
immune response, representing a more active immune
microenvironment in the high-risk group of tumor patients.
The reason behind this activity may be the enhanced tumor
immune escape function, which negatively enhances the
immune system response. Therefore, TMERPS has the
potential to help develop individualized immunotherapy
plans for BCa.

Cellular level QPCR results showed that six TME-
related prognostic genes were dysregulated in expression
between BCa cells and normal bladder epithelium,
suggesting that dysregulated expression levels of these
genes play an important role in the development of BCa.
Zhang et al. (44) reported that GATA3-AS1 promoted the
development and metastasis of triple-negative breast cancer
by stabilizing tumor immune escape, while Wang et /. (45)
found AATBC was closely associated with breast cancer
metastasis. Further, Sun et /. (46) found that TGR-AS1
promoted hepatocellular carcinoma invasion and metastasis
by regulating the EMT pathway, and Zhang et al. (47)
found that LINC01833 promoted EMT function. However,
the above genes have not been investigated in BCa, giving
direction to our follow-up study.

Having previously demonstrated that TMERPS can
well classify BCa patients into subgroups with different
immunophenotypes, we combined them with clinical factors
to create a new nomogram to predict prognosis, lymph
node metastasis, and distant metastasis in BCa patients,
respectively. The nomograms were subsequently validated,
and the C-index values showed that the prognostic
nomograms and lymph node metastasis nomograms were
effective in predicting clinical outcomes. The validity of
the nomogram model was also confirmed by calibration
curve analysis. In contrast, the predictive ability of the
distant metastasis nomogram for clinical outcomes was
undesirable. Thus, we successfully established models that
can effectively predict clinical outcomes of death and lymph
node metastasis in BCa patients. Compared to previous
prognostic models for bladder cancer, this prediction
model uses a novel approach to assess the level of immune
microenvironment in Bea samples and uses a more scientific
approach to screen key IncRINAs as the basis for modeling
the immune risk score. Furthermore, the validation results
of TMERPs and Bca immune correlation further explain
the better predictive utility of the model and make the
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model more convincing.

Of course, there are limitations to the current study.
First, the immune system is a dynamic and complex
system, and simple transcriptome analysis can only reflect
certain aspects of an individual’s immune status and is not
comprehensive. Second, the molecular regulation of genes
has not been further validated in vivo. Third, the prognosis
of BCa patients is influenced by multiple factors. The
prognostic indicators used in this study do not exclude the
influence of other influencing factors, such as metabolism
and infection; this study only deals with the role of the
immune system. Fourth, some of the samples selected for
this study were removed due to incomplete information,
resulting in not including all sample sizes in the database,
which may have an impact on the experimental results.

Conclusions

In conclusion, our study elucidates the mechanisms
underlying the malignant progression of BCa emergence
from an immunological perspective. TMERPS established
based on six OS-related immune genes, was considered
as a signature with some clinical promise, and was shown
to be closely associated with prognosis, metastasis, and
sensitivity to immunotherapy in BCa patients. Biological
functional analysis and cellular level validation against the
six IncRNAs comprising TMERPS provided direction for
further functional and mechanistic analysis. Subsequently,
nomograms established based on TMEPRS were shown to
be effective in predicting prognosis, lymph node metastasis,
and distant metastasis in BCa patients.
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