:\' frontiers

In Immunology

ORIGINAL RESEARCH
published: 26 August 2021
doi: 10.3389/fimmu.2021.724541

OPEN ACCESS

Edited by:
Jian Zhang,
Southern Medical University, China

Reviewed by:

Wen-Jie Luo,

Fudan University, China

Jun Liu,

Yuebei People’s Hospital, China

*Correspondence:

Yajun Xiao
1984XH0663@hust.edu.cn

Yifei Xing

Yifei_Xing@163.com

TThese authors have contributed
equally to this work

Specialty section:

This article was submitted to
Cancer Immunity and
Immunotherapy,

a section of the journal
Frontiers in Immunology

Received: 13 June 2021
Accepted: 09 August 2021
Published: 26 August 2021

Citation:

Zhang P, Liu Z, Wang D, Li'Y,

Xing Y and Xiao Y (2021) Scoring
System Based on RNA Modlfication
Writer-Related Genes to Predict
Overall Survival and Therapeutic
Response in Bladder Cancer.

Front. Immunol. 12:724541.

doi: 10.3389/fimmu.2021.724541

Check for
updates

Scoring System Based on RNA
Modification Writer-Related Genes
to Predict Overall Survival

and Therapeutic Response

in Bladder Cancer

Pu Zhang'?, Zijian Liu®', Decai Wang?, Yunxue Li', Yifei Xing™* and Yajun Xiao™*

" Department of Urology Surgery, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, China, 2 Department of Head and Neck Oncology and Department of Radliation Oncology, Cancer Center and State
Key Laboratory of Biotherapy, West China Hospital, Sichuan University, Chengdu, China, 3 Department of Emergency
Surgery, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

Introduction: It's widely reported the “writer” enzymes mediated RNA adenosine
modifications which is known as a crucial mechanism of epigenetic regulation in
development of tumor and the immunologic response in many kinds of cancers.
However, the potential roles of these writer genes in the progression of bladder cancer
(BLCA) remain unclear.

Materials and Methods: \We comprehensively described the alterations of 26 RNA
modification writer genes in BLCA from the genetic and transcriptional fields and identified
writer-related genes from four independent datasets. Utilizing least absolute shrinkage
and selection operator (LASSO) regression and multivariate Cox regression, we
constructed a ten writer-related gene signature. After that, we confirmed the predictive
and prognostic value of this signature on another six independent datasets and
established a nomogram to forecast the overall survival (OS) and mortality odds of
BLCA patients clinically.

Results: The writer-related genes signature showed good performance in predicting the
OS for BLCA patients. Moreover, the writer-related gene signature was related to EMT-
related pathways and immune characteristics. Furthermore, the immune cell infiltration
levels of CD8 T cells, cytotoxic cells, M1/2 macrophage cells and tumor mutation burden
might be able to predict which patients will benefit from immunotherapy. This could also
be reflected by the writer-related gene signature.

Conclusions: This signature might play an important role in precision individualized
immunotherapy. The present work highlights the crucial clinical implications of RNA
modifications and may help developing individualized therapeutic strategies for patients
with BLCA.

Keywords: RNA modification “writer”, bladder cancer, tumor microenvironment, tumor mutation
burden, immunotherapy
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INTRODUCTION

With high morbidity and mortality rates, Bladder cancer (BLCA)
is one of the most malignant and highly aggressive tumors in the
urinary system (1). Owing to the 2020 China cancer statistics, it
was reported that 81,400 cases of BLCA were diagnosed and that
BLCA was the cause of death for 17,980 cases in the US in 2020
(2). Based on the histological differentiation of BLCA, the tissue
can be divided into low grade with a good prognosis and high
grade with a poor prognosis. Based on whether the tissue invades
the muscle of the bladder, BLCA can be generally divided into a
non-muscle-invasive or muscle-invasive disease that is prone to
relapse and metastasis (3). In the past few decades, although
there have been many well-established surgical and
chemotherapy options for different subtypes of BLCA, the
recurrence and mortality rates of BLCA have remained high.
The specific genetic or epigenetic regulatory mechanisms during
the progression and development of BLCA still need further
investigation to form a solid theoretical basis for eradicating this
kind of tumor in the future.

Previous studies have suggested that genetic mutations in
some chromosomal genes, such as FGFR3, RB1, HRAS, TP53,
and TSCI, lead to bladder tumors, and these genes play an
important role in the regulation of cell division, which prevents
cells from dividing too quickly (4). Somatic mutation might be
one of the important components in the development of BLCA,
while not altering the nucleotide sequence of genes, epigenetics
studies stable phenotypes led by changes of chromosome (5).
RNA modification is commonly seen among all nucleotides. At
the RNA level there are over 170 modifications, consisting of
m5C, m3C, m7G, and Nm modifications (6, 7). We put stress on
modifications of adenine-related RNA, because adenine is the
nucleotide that is most frequently modified. The modifications
are primarily led by the activity of enzymes called “writer” genes.

The sixth and first nitrogen atoms of the adenine base were
influenced by the modification of m6A and m1A. And all of them
could contribute to significant changes in some cellular processes,
playing a major part in some unnormal conditions such as the
occurrence of tumor (8, 9). Working as the RNA-processing
mechanism, APA generates transcripts owning various lengths
of 3’-untranslated regions (UTRs) or coding regions (10).
Catalyzed by ADAR enzymes, A-to-I is a common kind of RNA
editing that is a well-known posttranscriptional mechanism
altering nucleotides in the transcripts (11). All of these RNA
edits may finally cause the difference of the sequence of amino
acids and impact transcriptional processes, thus leading to tumor

Abbreviations: BLCA, Bladder cancer; GEO, Gene-Expression Omnibus; TCGA,
The Cancer Genome Atlas; TPM, Transcripts per kilobase per million; UTRs,
Untranslated regions; CNV, Copy number variation; LASSO, Least absolute
shrinkage and selection operator; ROC, Receiver operating characteristic;
GSVA, Gene set variation analysis; KEGG, Kyoto Encyclopedia of Genes and
Genomes; ssGSEA, Single-sample gene set enrichment analysis; TIDE, Tumor
Immune Dysfunction and Exclusion; NSCLC, Non-small cell lung cancer; GDSC,
Genomics of Drug Sensitivity in Cancer; IC50, Half-maximal inhibitory
concentration; OS, Overall survival; MSI, microsatellite instability; TMB, Tumor
mutation burden.

formation or invasion through modifications of tumor-
associated genes.

To comprehensively explore the importance of posttranscriptional
modifications in progression and metastasis of BLCA, the investigation
of these RNA alterations is urgently needed. It has been reported that
m6A-related genes are differentially expressed in BLCA and could
serve as reliable prognostic biomarkers (12). Only a few studies have
reported on the function of m1A, APA and A-IRNA editing in BLCA,
and the functions of RNA editing are indeed very important in research
on other kinds of cancer. Machine learning models based on gene
expression are widely used in the prognostic detection of diseases and
drug efficacy. For BLCA, multiple studies have been investigated to
establish prognostic signatures according to the expression levels of
immune-associated genes (13, 14), EMT-related genes (15) or
IncRNAs (16, 17). However, all of them failed to further investigate
the underlying mechanism of the prognostic signatures, and no
signatures were based on adenosine modification-related genes.

In this study, we summarized four main types of adenosine
modifications, namely, m6A, m1A, APA and A-I RNA editing,
and depicted the alteration landscape. Through the expression
levels of these writer-related genes, we recognized RNA
modification writer-related genes and established a prognostic
signature. Furthermore, we investigated the underlying
mechanism of the signature and found that poor prognosis
was associated with activated EMT-related pathways prone to
metastasis, while low risk was related to higher levels of cytotoxic
cells and CD8 T cells infiltration, which might be the response to
immunotherapy. Finally, we verified the efficacy of the signature
using various external datasets and established a risk
assessment nomogram.

MATERIALS AND METHODS

Data Collection and Preprocessing

Public gene expression data and complete clinical information
were retrieved from the Gene-Expression Omnibus (GEO) and
The Cancer Genome Atlas (TCGA) databases. Totally, 7 eligible
BLCA cohorts [GSE13507 (18), GSE32548 (19), GSE32894 (20),
GSE48075 (21), GSE70691 (22), GSE31684 (23) and TCGA-
BLCA (The Cancer Genome Atlas-Bladder Carcinoma)] were
used in the research for bioinformatic analysis. The clinical
baseline information of bladder cancer patients involved in this
study was shown in Table 1 and detailed clinical data of all
patients were shown in Table S1. When it came to the
microarray data deriving from the GEO database, we directly
downloaded the normalized matrix files. For datasets in TCGA,
we downloaded RNA sequencing data (FPKM values) of gene
expression and copy number variation (CNV) data from the
XENA database (https://xenabrowser.net/datapages/), and
somatic mutation data were downloaded using the R package
TCGADbiolinks (24). Then, we transformed FPKM values into
transcripts per kilobase per million (TPM) values. The RNA
modification writer genes included m1A modification genes,
m6A modification genes, APA modification genes, and A-I
RNA editing genes obtained from a previously published
study (25).
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TABLE 1 | Clinical characteristics of bladder cancer patients.

GSE13507 GSE32548 GSE32894

Age, Median (range) 66 (24, 88) 70 (38, 90) 71 (20, 96)
Gender

Male 135 (81.8%) 114 (78.1%) 228 (74.0%)

Female 30 (18.2%) 32 (21.9%) 80 (26.0%)
Stage

I 129 (78.2%) 104 (71.2%) 280 (90.9%)

v 36 (21.8%) 42 (28.8%) 28 (9.1%)
Grade

Low 105 (63.6%) 65 (45.5%) 151 (49.3%)

High 60 (36.4%) 81 (565.5%) 155 (51.7%)

GSE48075 GSE70691 GSE31684 TCGA
68.8 (42.7, 89) NA 69.17 (41.73, 91.08) 69 (34, 90)
52 (75.4%) NA 68 (73.1%) 308 (73.9%)
17 (24.6%) NA 25 (26.9%) 109 (26.1%)
111 (78.2%) NA 32 (34.4%) 134 (32.3%)
31 (21.8%) NA 61 (65.6%) 281 (67.7%)
NA NA 6 (6.5%) 21 (5.1%)
NA NA 87 (93.5%) 393 (94.9%)

NA, not applicable.

Construction of a Writer-Related Gene
Signature of BLCA

Correlation coefficients between the RNA modification writer
genes and potentially regulated mRNAs were computed by
Spearman correlation analyses. The genes with correlation
coefficients > 0.4 were deemed writer-related genes, and these
genes from four different datasets were combined as candidate
writer-related genes for deeper analysis. With the expression
profiles of the candidate writer-related genes, we conducted least
absolute shrinkage and selection operator (LASSO) regression
analysis (26). It could help solve the problem of collinearity of a
large number of gene expression values, to identify the most
representative prognostic genes in the TCGA dataset. Based on
the candidate genes generated via the above filtering process, a
model was at last employed to build a prognostic signature.
Utilizing the coefficients deriving from the multivariate Cox
regression, we created the risk score formula through the
equation: Risk Score = (Coef ; x Exp ;). We used receiver
operating characteristic (ROC) curves to judge the efficiency of
the signature. All the analysis were completed in the R
environment using specific R packages.

Functional Annotation and Gene Set
Variation Analysis

Gene ontology analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis were completed by utilizing
DAVID (david.nciferf.gov) to identify the functions of candidate
writer-related genes, and the online tool Image GP was utilized to
show the outcomes of the GO and KEGG analyses (http://www.
ehbio.com/ImageGP/). To investigate the underlying mechanism
between the different risk groups, GSVA was performed to
conduct (27) with hallmark gene sets deriving from the
MSigDB database.

Construction of a Nomogram According to
the Gene Signature and Clinical Traits

We performed Univariate and multivariate Cox regression
analyses to select independently prognostic indicators
combined with clinical traits and risk scores calculated by gene
signatures. Then using the “rms” R package, a nomogram
encompassing the risk score and clinicopathological traits was
constructed to forecast the survival possibility and mortality
odds. Using a calibration plot, predictive accuracy was tested.

Estimation of TME Cell Infiltration
Abundance

The CIBERSORT was employed to calculate the infiltration
levels of 22 types of immune cells in BLCA following the
instructions from Newman et al. (28), with a 1000-
permutation test and samples with p > 0.05 removed before
further analysis. Furthermore, the levels of immune cell
infiltration in the BLCA tumor microenvironment was also
determined utilizing a single-sample gene set enrichment
analysis (ssGSEA) algorithm, and the sets of immune cell
markers independently published in articles were included in
our study (Table S2) (29).

Prediction of Immunotherapy Response

in Patients

According to tumor pretreatment expression profiles, the Tumor
Immune Dysfunction and Exclusion (TIDE) database can
evaluate multiple published transcriptomic biomarkers to
predict the immunotherapy response of patients (http://tide.
dfciharvard.edu/) (30). The input data should be normalized,
and the recommended tumor types of this website were
melanoma and non-small cell lung cancer (NSCLC); The
analysis results of this website could only play an auxiliary role
in our research. The TIDE value was calculated and used to
assess the probability of immunotherapy response, and the cutoft
of the TIDE value was set to a default of 0.

Chemotherapeutic Response Prediction
The chemotherapeutic response for each sample was predicted
according to the largest public pharmacogenomics database, the
Genomics of Drug Sensitivity in Cancer (GDSC), (https://www.
cancerrxgene.org/). Six usually adopted chemotherapy drugs in
bladder cancer, namely, cisplatin, gemcitabine, doxorubicin,
methotrexate, paclitaxel and vinblastine, were selected for use.
We used R package to implement “pRRophetic the prediction
process, where the samples’ half-maximal inhibitory
concentration (IC50) was evaluated following the instructions
described previously (31).

Statistical Analysis

We conducted spearman correlation analysis to evaluate the
correlation coefficient among each pair of indicators in this study.
The Wilcoxon test was conducted to contrast the variation between

Frontiers in Immunology | www.frontiersin.org

August 2021 | Volume 12 | Article 724541


https://david.ncifcrf.gov
http://www.ehbio.com/ImageGP/
http://www.ehbio.com/ImageGP/
http://tide.dfci.harvard.edu/
http://tide.dfci.harvard.edu/
https://www.cancerrxgene.org/
https://www.cancerrxgene.org/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zhang et al.

RNA Modification Writer-Related Gene Signature

pairs of distinctive groups. Based on the association between the
risk score and the survival time of patients, we employed the
“survminer” package to confirm the cutoff threshold with survival
information. This was employed to dichotomize the risk score and
expression of writer genes, and all latent cutoff points were
repeatedly confirmed to identify the maximum rank statistic.
Then according to the maximum selected log-rank statistics, the
patients were divided into two groups. All statistical tests were two-
sided. P < 0.05 was believed statistically significant.

RESULTS

Genetic and Transcriptional Alteration
Landscape of Four Types of RNA
Modification Writer Genes in BLCA

We evaluated the levels of nonsilent somatic mutations in 26
writers to determine genetic alterations in RNA modification
writer genes in BLCA. Of all the 412 BLCA samples in TCGA,
119 (28.88%) experienced mutations of RNA modification writer
genes (Figure 1A). METTL3 and KIAA1429 had the highest
mutation frequency (15%), followed by ZC3H13 and PCF11.
However, BLCA patients without mutations of these writers
experienced worse overall survival than those with such
mutations (Figure 1B; log-rank test, p = 0.0015), suggesting
genetic alterations of writer genes may have a useful role in
BLCA. Then, we explored somatic copy number alterations of
those writer genes and discovered ADAR, ADARB2, CLP1 and
KIAA1429 had widespread copy number variation (CNV) gains,
while ZC3H13 and RBM15B had the highest frequency of CNV
loss (Figure 1C). We compared the gene expression levels
between paired normal and tumor samples to confirm if those
genetic variations influenced the expression levels of writer genes
in patients with BLCA and demonstrated that the expression of
many of the writer genes was significantly elevated in BLCA
(Figure 1D). Writers with CNV gain, such as ADAR and CPSF1/
3, were highly expressed in BLCA samples than in normal
bladder samples, suggesting that CNV may be a regulatory
factor of these writer genes. However, some writers with a high
frequency of CNV gain or loss showed no change between
normal and tumor samples, meaning that CNV was not the
only factor determining the expression of writers. Based on the
“surv-cutpoint” function, the hazard ratios of writers were
calculated in the case of the best separated groups in BLCA
(Figure 1E). Some writers with higher expression in BLCA were
also risk factors, such as TRMT61B, NUDT21, CSTF1/2, and
CPSF2/3, while ADARB2 was the only protective factor with
lower expression in BLCA. The analysis showed great difference
of the both the genetic landscape and expression levels of RNA
modification writer genes between normal and BLCA patients,
showing RNA modification writer genes has latent function in
the oncogenesis of BLCA.

Identifying Representative Candidate
Prognostic Writer-Related Genes

The comprehensive landscape of writer gene interactions and
their prognostic value for BLCA in TCGA was demonstrated by a

writer gene network (Figure 2A, Table S3). We discovered that
the expression levels of writer genes were prone to be positively
related to each other, meaning that the four types of RNA
modification writer genes may have a significant role in the
regulation and modification of RNA. To identify the candidate
genes regulated by writer genes for further functional prediction
of writer genes, correlation analysis was conducted between the
writer genes and other protein-coding genes. We identified 1110
genes correlated with the expression of writer genes with an
|correlation coefficient| > 0.4 in four independent datasets
(Figure 2B, Tables $S4-8). GO analysis showed that potentially
modified genes were highly associated with protein and DNA
binding, cell division, and DNA replication-related biological
functions (Figure 2C). KEGG analysis showed that cell cycle,
pathways in cancer and viral carcinogenesis were highly enriched
(Figure 2D). These results indicated that writer genes might
influence protein or DNA binding to regulate the cell cycle,
division and cancer-related viral infection or pathways in the
progression and metastasis of BLCA. For further selection of the
most prognostic valuable candidate writer-related genes, a set of
15 candidate writer-related genes were identified with the LASSO
algorithm to for further analysis (Figures 2E, F).

Constructing a Writer-Related Gene
Signature of BLCA

Eventually, we found ten writer-related genes with multivariate
Cox regression analysis to build a predictive signature in the
TCGA dataset (Figure 3A, Table S9). The signature’s
concordance index was 0.72, and the P-value = 5.7099e-19.
Using the risk score formula from multivariate Cox regression,
we calculated the risk score of each patient. We divided all
patients to two groups (High VS Low) according to the best
cutoft point of the risk scores. The patients having lower risk
scores owned better survival time (Figure 3B). The AUC of the
signature for survival of three years, five years and ten years was
0.754, 0.77 and 0.805 respectively (Figure 3C). Moreover, the
number of surviving patients fell and cancer-associated death
enhanced with rising risk score. We showed every candidate gene
expression value in the formula related to the risk score using the
heatmap (Figures 3D-F). We also discovered that patients with
stage III/IV, which were considered risk factors in the clinical
setting, were more likely to be involved in the group of high risk
than in the group of low risk (Figure 3G).

Building a Predictive Nomogram and
External Validation

We employed a nomogram to construct a method which were
able to forecast the survival chance of a patient. Through the
univariate and multivariate analyses between the included
indicators and the OS (Figure 4A), we constructed a
nomogram to forecast the odds of mortality of patients with
generalized linear regression (Figure 4B) and to foresee the OS
rates for five and ten years in TCGA using the Cox regression
algorithm (Figure 4C). The predictors included the writer-
related gene signature, age of patients and stage of patients.
Compared to an ideal model in the entire cohort, the calibration
plots for OS rates of five and ten years were predicted.
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FIGURE 1 | Genetic and transcriptional alterations of RNA modification writer genes in BLCA. (A) The mutation frequency of 26 RNA modification writers in 412 BLCA
patients from the TCGA cohort. (B) Kaplan-Meier curves showing the overall survival of patients with or without mutations in RNA modification writer genes in the BLCA
cohort. p < 0.05 in the two-sided log-rank test was considered statistically significant. (C) Bar graphs showing the frequency of CNV gain, loss and non_CNV of RNA
modification writer genes in the TCGA-BLCA cohort. The height of each bar represents the alteration frequency. (D) Box plots show the expression distribution of 26
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FIGURE 2 | Identifying representative candidate prognostic writer-related genes. (A) The interactions among writer genes in BLCA. The lines linking regulators show
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with gray. (B) Venn diagram for writer-related genes in four independent datasets. (C, D) GO and KEGG analyses of writer-related genes and terms are shown on the
left. (E, F) Ten-fold cross-validation for tuning parameter selection in the LASSO model and the LASSO coefficient profiles of candidate genes are shown.

(Figure 4D). Univariate and multivariate cox regression analysis ~ coincidence index of the multivariate model is mostly over 0.7
of these ten genes was conducted in the six validation cohorts. in these validation cohorts (Figures S1, S2A, B). Moreover,
We found most of them were prognosis related and the  equivalent analyses were also performed on the six external
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FIGURE 4 | Construction of a predictive nomogram and external validation. (A) Univariate and multivariate Cox analyses of clinicopathological characteristics and
gene signatures with overall survival in the TCGA BLCA cohort. (B) Nomogram to predict the odds of mortality of BLCA patients. (C) Nomogram to predict the 5-y
and 10-y overall survival of BLCA patients. (D) Calibration curve for the overall survival nomogram model in the TCGA BLCA cohort. The dashed diagonal line
represents the ideal nomogram, and the blue line and red line represent the 5-y and 10-y observed nomograms, respectively. (E) Validation of the writer-related gene
signature in six external BLCA datasets for overall survival. *P < 0.05, **P < 0.01, **P < 0.001.

validation groups GSE13507, GSE32548, GSE32894, GSE48075,  (Figure 4E). Time-dependent receiver operating characteristic
GSE70691 and GSE31684 and we calculated the risk scores of  curve were also conducted to judge the diagnostic ability of the
every patient based on the signature. And patients in the  model in these six validation cohorts. The result showed that the
higher-risk group exhibited an importantly lower OS rate = model also has a good diagnostic ability in the validation
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cohorts (Figures S1-2C). This was in accordance with
conclusions deriving from the training set, showing the writer-
related gene signature could accurately forecast the survival of
patients with BLCA.

Functional Characteristics of the Writer-
Related Gene Signature

In order to find the possible mechanism of this gene signature,
we performed GSVA on six validation cohorts and the TCGA
cohort to assess the alteration of pathways (Figure 5A). We
discovered the risk score was consistently positively associated
with glycolysis and the EMT pathway, which was highly
associated with tumor metastasis, and negatively correlated
with apoptosis and the interferon-y/o. response pathways. For
further validation of pathway alterations, GSEA was conducted
on the TCGA cohort, and we found that T cell receptor complex-
and MHC protein complex-related pathways were highly
gathered in the group of low risk (Figure 5B). Subsequently,
the immune infiltration in BLCA in the high-risk and low-risk
groups was researched using of R package CIBERSORT. We used
a bar plot to show the proportion of 22 immune cells in each
subgroup (Figure 5C). The results demonstrated CD8 T cells,
activated memory CD4 T cells, and M1 macrophages were highly
infiltrated in the low-risk group and that M2 macrophages were
highly enriched in the group of high risk (Figure 5D). The
relative infiltration levels of T cells, cytotoxic cells and CD8 T
cells were assessed using the ssGSEA approach, and the results
showed that all of them were highly infiltrated in the low-risk
group (Figure 5E). The results indicated the reason why the
high-risk group had a poor prognosis might be associated with
EMT-related tumor metastasis and the better prognosis of the
low-risk group might be connected to higher CD8 T cell and
other antitumor immune cell infiltration levels, which might be a
response to immunotherapy.

Potential Therapeutic Value of the Writer-
Related Gene Signature

It has been widely reported patients with a high tumor mutation
burden (TMB) may benefit from immunotherapy due to more
neoantigens (32). By analyzing the mutation annotation files of
the TCGA BLCA cohort, we discovered the group of low risk
owned a higher TMB than the group of high risk (Figure 6A),
implying the low-risk group might benefit from immunotherapy.
Then the distribution variation of somatic mutations between
low- and high-risk scores in the cohort of TCGA-BLCA were
analyzed utilizing the R package “maftools”. Just as the
Figure 6B demonstrated, the high-risk-score group showed a
less extensive tumor mutation burden than low-risk-score group.
To predict the immune response of BLCA patients, patients were
divided into response and no response groups with TIDE values,
and a chi-square test revealed the low-risk-score group may have
higher reactivity to immunotherapy (Figure 6C). We found that
the risk score was lower in the response group and that the TIDE
value was higher in the group of high risk. In order to explore the
association between the risk scores and drug response, we
evaluated the estimated IC50 value of six commonly used

chemotherapy drugs, namely, cisplatin, gemcitabine,
doxorubicin, methotrexate, paclitaxel and vinblastine, in the
cohort of TCGA-BLCA (Figure 6D). We discovered the high-
risk group may be more sensitive to treatment with cisplatin,
paclitaxel and vinblastine, while the low-risk group might be
more susceptible to treatment with methotrexate. Together, these
results showed RNA modification writer genes were related to
drug sensitivity. Finally, we compared the distributions of writer
genes between the groups of high risk and low risk. And we
found that differentially expressed writer genes had all four types
of RNA modification patterns (Figure 6E). Thus, the writer-
related risk score might be a potential biomarker for constructing
both suitable and effective treatment strategies.

DISCUSSION

Rising evidence demonstrates RNA modifications have a
significant function in antitumor activity, innate immunity and
inflammation by interacting with distinct writers. Although
many researches have concentrated in studying a single type of
RNA modification writer gene, the mutual relationship and
function of different types of writer genes in BLCA was not
completely explored. This article analyzed four types of RNA
modification patterns, namely, m6A, m1A, APA, A-I RNA
editing and flowchart of this study was shown in Figure 7.
First, we depicted the landscape of these four types of writer
genes at the genetic and transcriptional levels and their
correlations in BLCA. Then, we found writer-related genes in
four independent datasets and constructed a scoring model, i.e., a
writer-related gene signature, to predict the prognostic risk of
individual patients. The high-risk-score group was associated
with a worse prognosis and enriched in activated EMT-related
pathways. The infiltration levels of immune cells in the tumor
microenvironment was greatly increased in the low-risk-score
group, which indicated a better immunotherapy benefit,
consistent with the TIDE value and TMB score results.

EMT is related to metastasis of tumor and drug resistance
(33), and M2 macrophages can suppress proliferation and
differentiation of T cells, but advancing the proliferation of
tumor cells and tumor metastasis (34). A former research
demonstrated that M2 macrophages were related to EMT and
enhanced both the invasion and migration of tumor cells in later
stages of tumor (35, 36). These changes may increase
macrophage M2 infiltration in the microenvironment of
tumor, promoting the invasion and metastasis of BLCA cells.
From our perspective, the activation of EMT-related pathways
and high infiltration of M2 macrophages might be the reasons
that the high-risk group was associated with poor survival. We
suggested that cisplatin, paclitaxel and vinblastine might be more
effective in patients with high risk scores. In contrast, the
low-risk group had significantly longer survival and higher
infiltration of CD8 T and cytotoxic cells and upregulated
apoptosis and interferon response pathways. It has been
reported that M1 macrophages can secrete INF-y, IL-16, IL-12,
and other proinflammatory cytokines, starting the inflammatory
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FIGURE 5 | Functional characteristics of the writer-related gene signature. (A) Correlation analysis between the GSVA score for curated pathways and risk score in
seven independent datasets. (B) GSEA revealed distinct enriched gene sets between risk score groups. In the heatmap, rows represent the 30 selected gene sets,
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sSGSEA in different risk groups.

response and killing tumor cells (34). These traits were enriched
in the group of low risk, showing patients in the low-risk group
might benefit from immunotherapy.

The link between the risk score and writer genes also verified
the important function of RNA modification writer genes. The
expression of METTL3, an m6A writer gene, was higher in the
high-risk group and tumor samples, which has been reported to
regulate the cell cycle, cancer stem cells, and metabolism,

resulting in tumor cell proliferation, metastasis, and
tumorigenesis (37, 38). PABPN1, a suppressor of APA, might
suppress tumor aggressiveness by releasing cancer cells from
microRNA-mediated gene regulation (31) and was higher in the
low-risk group. We found that many writer genes were
differentially expressed between the low- and high-risk groups,
which might provide novel epigenetic therapeutic targets in
BLCA. For the ten candidate writer-related genes, there are few
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FIGURE 6 | Potential therapeutic value of the writer-related gene signature. (A) The abundance of TMB in different risk groups. (B) Waterfall plot of tumor somatic
mutations in patients with high risk scores and low risk scores. The columns represent individual patients. The upper bar plot shows TMB, and the number on the
left indicates the mutation frequency in each gene. (C) The TIDE value of BLCA samples in TCGA is shown for different risk score groups, and the chi-square test
used to assess significant differences is shown in the upper right. The risk scores and TIDE values in different response groups and risk groups are shown in the
bottom left. (D) The estimated IC50 values of six commonly used chemotherapy drugs are shown in different risk groups. (E) The expression of 26 writer genes is
shown in different risk groups. The asterisks represent the statistical P-value (*P < 0.05; **P < 0.01; **P < 0.001).

studies in bladder cancer, but some of their biological functions
have been explored and verified in other studies. TNFSF13B has
been reported to be a microenvironment-related gene that could
predict poor prognosis in kidney renal clear cell carcinoma (39,
40). High expression of NSUN5 has been reported to promote
cell proliferation via cell cycle regulation in colorectal cancer

(41). LARP7 functions as a tumor suppressor gene in gastric
cancer and can suppress P-TEFb activity to inhibit breast cancer
progression and metastasis (42, 43). Although these writer-
related genes were highly coexpressed with writer genes, the
specific relationship should be further experimentally confirmed
both in vitro and in vivo.
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FIGURE 7 | Flow chart of this study.
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At last we demonstrated the latent therapeutic effects of the
writer-related gene signature in BLCA, which was associated
with immunotherapy. With higher tumor mutation burden and
immune cell infiltration, the low-risk group owned a greater
possibility of responding to immunotherapy. Regarding the
mutated genes between risk groups, we found that FGFR3
mutations were more frequent in the low-risk group. It has
been reported FGFR3 mutations were more common in
noninvasive BLCA and related to a better BLCA prognosis,
and patients with FGFR3 mutant tumors could benefit from
anti-FGFR3 therapy (44, 45). This also reflected the low-risk
group experienced a better prognosis result compared to the
high-risk group, and a more therapeutic regimen could be
selected for the patients of low-risk group. However, activated
EMT-related pathways in the high-risk group caused this
subgroup to have a higher propensity for metastasis and a lack
of corresponding therapeutic targets. By identifying the
estimated IC50 of antitumor drugs and enabling individualized
immunotherapy, our research offers novel feasibility for
advancing the effect of chemotherapy for patients with BLCA.

Although immunotherapy has become a novel strategy for
oncological treatment, studies have found only approximately
20% of solid tumor patients could gain benefit from this kind of
treatment, while others were not (46). Therefore, multiple studies
have focused on identifying and verifying indicators that can
accurately forecast efficacy of immunotherapy treatment. Some
clinical parameters, including PD-L1 expression (47), CD8+ T
cells (48), TMB (32), and microsatellite instability (MSI) (49), are
used to predict immunotherapy treatment efficacy. It has also
been reported that an immune-associated gene signature
correlates with the immunophenotype, which could predict the
anti-PD-L1 effect of urothelial cancer (50). While all of these

factors or signatures were based on indicators associated with the
immune response, our findings suggested that RNA modification
patterns could also possess potential biological functions in
predicting the efficacy of immunotherapy.

CONCLUSIONS

In conclusion, our comprehensive research in RNA modification
writers demonstrates a possible way how these writers influence
the tumor microenvironment and their relation to the prognosis
of patients with BLCA. We built a writer-related gene signature
to document the crosstalk and functional roles of the writers both
in transcription and posttranscriptional aspects and found their
therapeutic effects in immunotherapy and target therapy.
Moreover, this research also stresses the significant clinical
implications of RNA modifications and will aid in the growth
of personalized therapeutic strategies for BLCA patients.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be
found here:

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE13507
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE32548
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE32894
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE48075
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE70691
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE31684

Frontiers in Immunology | www.frontiersin.org 12

August 2021 | Volume 12 | Article 724541


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE13507
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE32548
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE32894
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE48075
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE70691
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE31684
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zhang et al.

RNA Modification Writer-Related Gene Signature

https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.
tsv&host=https%3A%2F%2Fgdc.xenahubs.net&removeHub=
https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://
xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.
tsv&host=https%3A%2F%2Fgdc.xenahubs.net&removeHub=
https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443.

AUTHOR CONTRIBUTIONS

PZ and ZL conducted the formal analysis and wrote the original
draft. DW and YL participated in software. YJX conducted data
curation. ZL conducted visualization analysis and software
operating. PZ and ZL contributed to writing, reviewing, and
editing the article. YJX and YFX revised the manuscript and
provided funding acquisition. All authors contributed to the
article and approved the submitted version.

REFERENCES

1. Antoni S, Ferlay ], Soerjomataram I, Znaor A, Jemal A, Bray F. Bladder
Cancer Incidence and Mortality: A Global Overview and Recent Trends. Eur
Urol (2017) 71:96-108. doi: 10.1016/j.eururo.2016.06.010

2. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer ] Clin
(2020) 70:7-30. doi: 10.3322/caac.21590

3. Montironi R, Cheng L, Scarpelli M, Lopez-Beltran A. Pathology and Genetics:
Tumours of the Urinary System and Male Genital System: Clinical
Implications of the 4th Edition of the WHO Classification and Beyond. Eur
Urol (2016) 70:120-3. doi: 10.1016/j.eururo.2016.03.011

4. Zhang X, Zhang Y. Bladder Cancer and Genetic Mutations. Cell Biochem
Biophysics (2015) 73:65-9. doi: 10.1007/s12013-015-0574-z

5. Kietrys AM, Kool ET. Epigenetics: A New Methyl Mark on Messengers.
Nature (2016) 530:423-4. doi: 10.1038/530423a

6. Motorin Y, Helm M. RNA Nucleotide Methylation. Wiley Interdiscip Rev
RNA (2011) 2:611-31. doi: 10.1002/wrna.79

7. Ramanathan A, Robb GB, Chan SH. mRNA Capping: Biological Functions and
Applications. Nucleic Acids Res (2016) 44:7511-26. doi: 10.1093/nar/gkw551

8. Zhang C, Chen Y, Sun B, Wang L, Yang Y, Ma D, et al. M(6)A Modulates
Haematopoietic Stem and Progenitor Cell Specification. Nature (2017)
549:273-6. doi: 10.1038/nature23883

9. Dominissini D, Nachtergaele S, Moshitch-Moshkovitz S, Peer E, Kol N, Ben-
Haim MS, et al. The Dynamic N(1)-Methyladenosine Methylome in Eukaryotic
Messenger RNA. Nature (2016) 530:441-6. doi: 10.1038/nature16998

10. Elkon R, Ugalde AP, Agami R. Alternative Cleavage and Polyadenylation:
Extent, Regulation and Function. Nat Rev Genet (2013) 14:496-506. doi:
10.1038/nrg3482

11. Baysal BE, Sharma S, Hashemikhabir S, Janga SC. RNA Editing in
Pathogenesis of Cancer. Cancer Res (2017) 77:3733-9. doi: 10.1158/0008-
5472.CAN-17-0520

12. Zheng B, Wang J, Zhao G, Chen X, Yao Z, Niu Z, et al. A New M6a
Methylation-Related Gene Signature for Prognostic Value in Patient With
Urothelial Carcinoma of the Bladder. Biosci Rep (2021) 41. doi: 10.1042/
BSR20204456

13. Qiu H, Hu X, He C, Yu B, Li Y, Li J. Identification and Validation of an
Individualized Prognostic Signature of Bladder Cancer Based on Seven
Immune Related Genes. Front Genet (2020) 11:12. doi: 10.3389/fgene.2020.00012

14. Luo Y, Chen L, Zhou Q, Xiong Y, Wang G, Liu X, et al. Identification of a
Prognostic Gene Signature Based on an Immunogenomic Landscape Analysis of
Bladder Cancer. J Cell Mol Med (2020) 24:13370-82. doi: 10.1111/jcmm.15960

15. Cao R, Yuan L, Ma B, Wang G, Qiu W, Tian Y. An EMT-Related Gene
Signature for the Prognosis of Human Bladder Cancer. J Cell Mol Med (2020)
24:605-17. doi: 10.1111/jcmm.14767

FUNDING

The study was supported by National Natural Science
Foundation of China (Grants No. 000004608 and 900002627).

ACKNOWLEDGMENTS

The authors thank American Journal Experts (AJE) for English
language editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
724541 /full#supplementary-material

16. Song Y, Jin D, Chen ], Luo Z, Chen G, Yang Y, et al. Identification of an
Immune-Related Long Non-Coding RNA Signature and Nomogram as
Prognostic Target for Muscle-Invasive Bladder Cancer. Aging (2020)
12:12051-73. doi: 10.18632/aging.103369

17. Lian P, Wang Q, Zhao Y, Chen C, Sun X, Li H, et al. An Eight-Long Non-
Coding RNA Signature as a Candidate Prognostic Biomarker for Bladder
Cancer. Aging (2019) 11:6930-40. doi: 10.18632/aging.102225

18. Lee]S, Leem SH, Lee SY, Kim SC, Park ES, Kim SB, et al. Expression Signature
of E2F1 and its Associated Genes Predict Superficial to Invasive Progression of
Bladder Tumors. J Clin Oncol: Off ] Am Soc Clin Oncol (2010) 28:2660-7. doi:
10.1200/JC0O.2009.25.0977

19. Lindgren D, Sjodahl G, Lauss M, Staaf ], Chebil G, Lovgren K, et al. Integrated
Genomic and Gene Expression Profiling Identifies Two Major Genomic
Circuits in Urothelial Carcinoma. PloS One (2012) 7:¢38863. doi: 10.1371/
journal.pone.0038863

20. Sjodahl G, Lauss M, Lovgren K, Chebil G, Gudjonsson S, Veerla S, et al. A
Molecular Taxonomy for Urothelial Carcinoma. Clin Cancer Res: An Off J
Am Assoc Cancer Res (2012) 18:3377-86. doi: 10.1158/1078-0432.CCR-
12-0077-T

21. Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-Censits J, et al.
Identification of Distinct Basal and Luminal Subtypes of Muscle-Invasive
Bladder Cancer With Different Sensitivities to Frontline Chemotherapy.
Cancer Cell (2014) 25:152-65. doi: 10.1016/j.ccr.2014.01.009

22. McConkey DJ, Choi W, Shen Y, Lee IL, Porten S, Matin SF, et al. A Prognostic
Gene Expression Signature in the Molecular Classification of Chemotherapy-
Naive Urothelial Cancer Is Predictive of Clinical Outcomes From
Neoadjuvant Chemotherapy: A Phase 2 Trial of Dose-Dense Methotrexate,
Vinblastine, Doxorubicin, and Cisplatin With Bevacizumab in Urothelial
Cancer. Eur Urol (2016) 69:855-62. doi: 10.1016/j.eururo.2015.08.034

23. Riester M, Taylor JM, Feifer A, Koppie T, Rosenberg JE, Downey R], et al.
Combination of a Novel Gene Expression Signature With a Clinical
Nomogram Improves the Prediction of Survival in High-Risk Bladder
Cancer. Clin Cancer Res: An Off ] Am Assoc Cancer Res (2012) 18:1323-33.
doi: 10.1158/1078-0432.CCR-11-2271

24. Colaprico A, Silva TC, Olsen C, Garofano L, Cava C, Garolini D, et al.
TCGAbiolinks: An R/Bioconductor Package for Integrative Analysis of TCGA
Data. Nucleic Acids Res (2016) 44:e71. doi: 10.1093/nar/gkv1507

25. Chen H, Yao ], Bao R, Dong Y, Zhang T, Du Y, et al. Cross-Talk of Four Types
of RNA Modification Writers Defines Tumor Microenvironment and
Pharmacogenomic Landscape in Colorectal Cancer. Mol Cancer (2021)
20:29. doi: 10.1186/s12943-021-01322-w

26. Laurin C, Boomsma D, Lubke G. The Use of Vector Bootstrapping to Improve
Variable Selection Precision in Lasso Models. Stat Appl Genet Mol Biol (2016)
15:305-20. doi: 10.1515/sagmb-2015-0043

Frontiers in Immunology | www.frontiersin.org

August 2021 | Volume 12 | Article 724541


https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.tsv&host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.tsv&amp;host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443
https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.tsv&host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.tsv&amp;host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443
https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.tsv&host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.tsv&amp;host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443
https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.tsv&host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.tsv&amp;host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443
https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.tsv&host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.tsv&amp;host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443
https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.cnv.tsv&host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443https://xenabrowser.net/datapages/?dataset=TCGA-BLCA.htseq_fpkm.tsv&amp;host=https%3A%2F%2Fgdc.xenahubs.net&amp;removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443
https://www.frontiersin.org/articles/10.3389/fimmu.2021.724541/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.724541/full#supplementary-material
https://doi.org/10.1016/j.eururo.2016.06.010
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/j.eururo.2016.03.011
https://doi.org/10.1007/s12013-015-0574-z
https://doi.org/10.1038/530423a
https://doi.org/10.1002/wrna.79
https://doi.org/10.1093/nar/gkw551
https://doi.org/10.1038/nature23883
https://doi.org/10.1038/nature16998
https://doi.org/10.1038/nrg3482
https://doi.org/10.1158/0008-5472.CAN-17-0520
https://doi.org/10.1158/0008-5472.CAN-17-0520
https://doi.org/10.1042/BSR20204456
https://doi.org/10.1042/BSR20204456
https://doi.org/10.3389/fgene.2020.00012
https://doi.org/10.1111/jcmm.15960
https://doi.org/10.1111/jcmm.14767
https://doi.org/10.18632/aging.103369
https://doi.org/10.18632/aging.102225
https://doi.org/10.1200/JCO.2009.25.0977
https://doi.org/10.1371/journal.pone.0038863
https://doi.org/10.1371/journal.pone.0038863
https://doi.org/10.1158/1078-0432.CCR-12-0077-T
https://doi.org/10.1158/1078-0432.CCR-12-0077-T
https://doi.org/10.1016/j.ccr.2014.01.009
https://doi.org/10.1016/j.eururo.2015.08.034
https://doi.org/10.1158/1078-0432.CCR-11-2271
https://doi.org/10.1093/nar/gkv1507
https://doi.org/10.1186/s12943-021-01322-w
https://doi.org/10.1515/sagmb-2015-0043
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Zhang et al.

RNA Modification Writer-Related Gene Signature

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hianzelmann S, Castelo R, Guinney J. GSVA: Gene Set Variation Analysis for
Microarray and RNA-Seq Data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-
2105-14-7

Becht E, Giraldo NA, Lacroix L, Buttard B, Elarouci N, Petitprez F, et al.
Estimating the Population Abundance of Tissue-Infiltrating Immune and
Stromal Cell Populations Using Gene Expression. Genome Biol (2016) 17:218.
doi: 10.1186/513059-016-1070-5

Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC,
et al. Spatiotemporal Dynamics of Intratumoral Immune Cells Reveal the
Immune Landscape in Human Cancer. Immunity (2013) 39:782-95. doi:
10.1016/j.immuni.2013.10.003

Jiang P, Gu S, Pan D, Fu ], Sahu A, Hu X, et al. Signatures of T Cell
Dysfunction and Exclusion Predict Cancer Immunotherapy Response. Nat
Med (2018) 24:1550-8. doi: 10.1038/s41591-018-0136-1

Geeleher P, Cox NJ, Huang RS. Clinical Drug Response Can be Predicted
Using Baseline Gene Expression Levels and In Vitro Drug Sensitivity in Cell
Lines. Genome Biol (2014) 15:R47. doi: 10.1186/gb-2014-15-3-r47

Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al.
Genetic Basis for Clinical Response to CTLA-4 Blockade in Melanoma. N Engl
J Med (2014) 371:2189-99. doi: 10.1056/NEJMoal406498

Nieto MA. Epithelial-Mesenchymal Transitions in Development and Disease:
Old Views and New Perspectives. Int J Dev Biol (2009) 53:1541-7. doi:
10.1387/ijdb.072410mn

Hume DA. The Many Alternative Faces of Macrophage Activation. Front
Immunol (2015) 6:370. doi: 10.3389/fimmu.2015.00370

Xiao P, Long X, Zhang L, Ye Y, Guo J, Liu P, et al. Neurotensin/IL-8 Pathway
Orchestrates Local Inflammatory Response and Tumor Invasion by Inducing
M2 Polarization of Tumor-Associated Macrophages and Epithelial-
Mesenchymal Transition of Hepatocellular Carcinoma Cells.
Oncoimmunology (2018) 7:¢1440166. doi: 10.1080/2162402X.2018.1440166
Wang X, Luo G, Zhang K, Cao J, Huang C, Jiang T, et al. Hypoxic Tumor-
Derived Exosomal miR-301a Mediates M2 Macrophage Polarization via
PTEN/Pi3ky to Promote Pancreatic Cancer Metastasis. Cancer Res (2018)
78:4586-98. doi: 10.1158/0008-5472.CAN-17-3841

Han ], Wang JZ, Yang X, Yu H, Zhou R, Lu HC, et al. METTL3 Promote
Tumor Proliferation of Bladder Cancer by Accelerating Pri-Mir221/222
Maturation in Mé6a-Dependent Manner. Mol Cancer (2019) 18:110. doi:
10.1186/s12943-019-1036-9

Wang G, Dai Y, Li K, Cheng M, Xiong G, Wang X, et al. Deficiency of Mettl3
in Bladder Cancer Stem Cells Inhibits Bladder Cancer Progression and
Angiogenesis. Front Cell Dev Biol (2021) 9:627706. doi: 10.3389/
fcell.2021.627706

Ichinose J, Watanabe K, Sano A, Nagase T, Nakajima J, Fukayama M, et al.
Alternative Polyadenylation Is Associated With Lower Expression of PABPN1
and Poor Prognosis in Non-Small Cell Lung Cancer. Cancer Sci (2014)
105:1135-41. doi: 10.1111/cas.12472

Jiang M, Lin ], Xing H, An ], Yang ], Wang B, et al. Microenvironment-Related
Gene TNFSF13B Predicts Poor Prognosis in Kidney Renal Clear Cell
Carcinoma. Peer] (2020) 8:€9453. doi: 10.7717/peerj.9453

41. Jiang Z, Li S, Han MJ, Hu GM, Cheng P. High Expression of NSUN5
Promotes Cell Proliferation via Cell Cycle Regulation in Colorectal Cancer.
Am ] Trans Res (2020) 12:3858-70.

Cheng Y, Jin Z, Agarwal R, Ma K, Yang J, Ibrahim S, et al. LARP7 Is a
Potential Tumor Suppressor Gene in Gastric Cancer. Lab Investigation ] Tech
Methods Pathol (2012) 92:1013-9. doi: 10.1038/labinvest.2012.59

Ji X, Lu H, Zhou Q, Luo K. LARP7 Suppresses P-TEFb Activity to Inhibit
Breast Cancer Progression and Metastasis. eLife (2014) 3:¢02907. doi: 10.7554/
eLife.02907

van Rhijn BWG, Mertens LS, Mayr R, Bostrom PJ, Real FX, Zwarthoff EC,
et al. FGFR3 Mutation Status and FGFR3 Expression in a Large Bladder
Cancer Cohort Treated by Radical Cystectomy: Implications for Anti-FGFR3
Treatment? (#) Eur Urol (2020) 78:682-7. doi: 10.1016/j.eururo.2020.07.002
Han Y, Liu X, Ye H, Tian Y, Ji Z. Lower Mutant-Allele Tumor Heterogeneity
Is a Biomarker in FGFR3-Mutant Bladder Cancer for Better Prognosis. World
J Surg Oncol (2020) 18:310. doi: 10.1186/s12957-020-02084-3

Braun DA, Burke KP, Van Allen EM. Genomic Approaches to Understanding
Response and Resistance to Immunotherapy. Clin Cancer Res: An Off ] Am
Assoc Cancer Res (2016) 22:5642-50. doi: 10.1158/1078-0432.CCR-16-0066
Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y, Cruz C, et al. MPDL3280A
(Anti-PD-L1) Treatment Leads to Clinical Activity in Metastatic Bladder
Cancer. Nature (2014) 515:558-62. doi: 10.1038/nature13904

Ghatalia P, Plimack E. Biomarkers for Neoadjuvant Checkpoint Blockade
Response in Urothelial Cancer. Nat Med (2019) 25:1650-1. doi: 10.1038/
541591-019-0645-6

Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite Instability as a
Biomarker for PD-1 Blockade. Clin Cancer Res: An Off ] Am Assoc Cancer Res
(2016) 22:813-20. doi: 10.1158/1078-0432.CCR-15-1678

Li P, Hao S, Ye Y, Wei ], Tang Y, Tan L, et al. Identification of an Immune-
Related Risk Signature Correlates With Immunophenotype and Predicts Anti-
PD-L1 Efficacy of Urothelial Cancer. Front Cell Dev Biol (2021) 9:646982. doi:
10.3389/fcell.2021.646982

42.

43.

44.

45.

46.

47.

48.

49.

50.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Liu, Wang, Li, Xing and Xiao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

August 2021 | Volume 12 | Article 724541


https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/s13059-016-1070-5
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1038/s41591-018-0136-1
https://doi.org/10.1186/gb-2014-15-3-r47
https://doi.org/10.1056/NEJMoa1406498
https://doi.org/10.1387/ijdb.072410mn
https://doi.org/10.3389/fimmu.2015.00370
https://doi.org/10.1080/2162402X.2018.1440166
https://doi.org/10.1158/0008-5472.CAN-17-3841
https://doi.org/10.1186/s12943-019-1036-9
https://doi.org/10.3389/fcell.2021.627706
https://doi.org/10.3389/fcell.2021.627706
https://doi.org/10.1111/cas.12472
https://doi.org/10.7717/peerj.9453
https://doi.org/10.1038/labinvest.2012.59
https://doi.org/10.7554/eLife.02907
https://doi.org/10.7554/eLife.02907
https://doi.org/10.1016/j.eururo.2020.07.002
https://doi.org/10.1186/s12957-020-02084-3
https://doi.org/10.1158/1078-0432.CCR-16-0066
https://doi.org/10.1038/nature13904
https://doi.org/10.1038/s41591-019-0645-6
https://doi.org/10.1038/s41591-019-0645-6
https://doi.org/10.1158/1078-0432.CCR-15-1678
https://doi.org/10.3389/fcell.2021.646982
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Scoring System Based on RNA Modification Writer-Related Genes to Predict Overall Survival and Therapeutic Response in Bladder Cancer
	Introduction
	Materials and Methods
	Data Collection and Preprocessing
	Construction of a Writer-Related Gene Signature of BLCA
	Functional Annotation and Gene Set Variation Analysis
	Construction of a Nomogram According to the Gene Signature and Clinical Traits
	Estimation of TME Cell Infiltration Abundance
	Prediction of Immunotherapy Response in Patients
	Chemotherapeutic Response Prediction
	Statistical Analysis

	Results
	Genetic and Transcriptional Alteration Landscape of Four Types of RNA Modification Writer Genes in BLCA
	Identifying Representative Candidate Prognostic Writer-Related Genes
	Constructing a Writer-Related Gene Signature of BLCA
	Building a Predictive Nomogram and External Validation
	Functional Characteristics of the Writer-Related Gene Signature
	Potential Therapeutic Value of the Writer-Related Gene Signature

	Discussion
	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


