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Backgrounds: Approximately 75% of bladder cancer occurrences are of the
non-muscle-invasive type. The estimated five-year survival rate is 26%—-55%.
Currently, there is no reliable biomarker available for early diagnosis and
prognosis of bladder cancer. The present study aims to identify a biomarker
using bioinformatic approaches to provide a new insight in clinical research for
early diagnosis and prognosis of bladder cancer.

Methods: Clinical data and a transcriptome of bladder cancer were obtained
from TCGA, GEO, GETx, and UCSC Xena. The differential expressed gene (DEG)
analysis, weighted gene co-expression network analysis (WGCNA), and survival
analysis using the Kaplan-Meier and Cox proportional-hazards models were
used to identify the Microtubule-associated Proteins 1A (MAP1A). on overall
survival (OS) and disease-free survival (DFS) was analyzed using GEPIA and
GETx databases. The TIMER 2.0 database predicted the correlation between
MAP1A and immunocytes and immune checkpoints. Target prediction of the
regulated competing endogenous RNAs (ceRNAs) network of MAP1A was
performed using starBase and TargetScan. Cystoscope v3.7.2 software was
used to visualize the ceRNA coexpression network. The R programming
language v4.0.2 was applied as an analytic tool. Gene expression of MAP1A
verified by RT-gPCR.

Results: The low expression of MAP1A was verified in bladder cancer tissues
and bladder cancer cell lines SW780 and 5637. P < 0.001 were obtained by
Kaplan-Meier survival analysis and Cox proportional hazards model, with a
hazard ratio (HR) of 1.4. Significant correlations between MAP1A and OS (P <
0.001, HR = 1.9) as well as DFS (P < 0.05, HR = 1.7) in bladder cancer were
identified through gene expression profiling interactive analysis (GEPIA),
indicating MAP1A may be a high-risk factor. Significant correlation in single
copy-number variation of MAP1A gene with CD8" T cells, and myeloid
dendritic cells (MDCs) (P < 0.05) was noted. MAP1A expression was shown to
be significantly correlated with the amount of CD4"* T cells and CD8™ T cells,
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MDCs, macrophages, and neutrophils in a statistically significant positive
manner (P < 0.001). However, the MAP1A expression demonstrated a strong
negative connection with B cells (P < 0.001). Except for macrophage M1
genes IRF5 and PTGS2, MAP1A expression was significantly correlated with
the gene levels in immunocytes such as CD4" T cells, CD8" T cells, B cells,
dendritic cells (DCs), macrophages, and neutrophils (Cor > 0.2, P < 0.001), as
well as immune checkpoint related genes including cytotoxic t-lymphocyte-
associated protein 4 (CTLA-4), programmed death 1 (PD-1), programmed
death ligand 1 (PD-L1) (P < 0.001). Finally, we predicted that the MAP1A-
interacting miRNA was miR-34a-5p, and the MAP1A endogenous competing
RNAs were LNC00667, circ_MAP1B, and circ_MYLK, respectively. These
findings support the need for further studies on the mechanism underlying
the pathogenesis of this disease.

Conclusion: MAP1A is considered as a prospective biomarker for early
diagnosis, therapeutic observation, and prognosis analysis in bladder cancer.
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Introduction

Bladder cancer (BC) is one of the world’s top 10 common
cancer diseases. According to GLOBOCAN, nearly 0.57 million
are diagnosed of bladder cancer worldwide with 0.21 million
deaths in 2020. There is an increase in both newly diagnosed
cases and overall death from 2018 (0.55 million and 0.20
million) to 2020. The morbidity and mortality of bladder
cancer rank 6 and 9" respectively among the 36 common
cancers in men for the year 2020 (1, 2). According to the
National Comprehensive Cancer Network (NCCN) version 4.
2020 bladder cancer, over 90% of bladder cancers are urothelial
cancers, accounting for more than 75% of non-muscle invasive
bladder cancers (3). However, clinically, 91% of non-muscle
invasive bladder cancers are concurrent with 2 to 3 superficial
muscle-invasive balder cancers, (< T2a, < Grade II, according to
American Joint Committee on Cancer Staging (AJCC) cancer
staging and World Health Organization cancer grading), with a

Abbreviations: MAP1A, Microtubule-associated Proteins 1A; TCGA, The
Cancer Genome Atlas database; GEO, Gene Expression Omnibus; NCCN,
National Comprehensive Cancer Network; AJCC, American Joint Committee
on Cancer Staging; DEG, Differential expression gene; WGCNA, Weigth gene
co-expression network analysis; BLCA, Bladder urothelial carcinoma; LC,
Light chain; HPA, Human Protein Atlas database; KM, Kaplan-Meier; HR,
Hazard ratio; CTLA-4, Cytotoxic T-lymphocyte-associated protein 4; PD-1,
Programmed death 1; PD-L1, Programmed death ligand 1; ceRNA,
Competing endogenous RNA; OS, Overall survival; DFS, Disease-

free survival.
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5-year survival rate of 77.1%, a 5-year relapse rate of 31%~78%
and a 5-year progression rate of over 45% (3-8).

The Microtubule-associated Proteins 1A (MAP1A), is
expressed mainly in neurons, and contributes to the
development of microtubules, axons, and dendrites. This gene
encodes a pro polypeptide, which is further hydrolyzed to form
the heavy chain and light chain of MAP1A. A mature complex
MAP1A-LC2/LC3 is produced through protein assembly with
light chain (LC)2/3, a separate encoding subunit. This complex
plays an important role in disease development. The gene
expression of MAPIA is almost exclusively restricted to the
brain (9-12). Currently, few studies have reported the role of
MAPIA in disease but have focused on MAPIA targeting
therapy for nervous system diseases, including depression and
Parkinson’s disease, the correlation between MAPIA gene
expression and toxicity of HIV-1 infection-related immune
diseases, as well as the degree of malignancy in brain glioma
and prostate cancer (13-17).

This study assessed the gene MAP1A expression in bladder
cancer and correlated to the survival bioinformatically from
TCGA and GEO databases and verified by differential gene
expression and survival analysis using the GEPIA database.
Further, in vitro confirmation of MAP1A expression at the
cellular level was done using bladder cancer cell lines SW780
and 5637, as well as normal bladder epithelial cells SV-HUC-1.
Additionally, the R language was used to analyze the expression
of MAPIA in pan-cancer. The TMIER2.0 database and R
language were utilized to assess the correlation between
MAPIA and immune cells, immune cell-related genes, as well
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as immunological checkpoint genes. Databases like Starbase and
TargetScan were applied to predict the mRNA-miRNA-
IncRNA/circRNA endogenous competitive RNA interaction
network interactions. The workflow is presented in Figure 1.
The present work reports for the first time that the gene MAP1A
could be a potential biomarker in the early diagnosis, prognosis,
and immunotherapy of low-grade bladder cancer (non-muscle
invasion and superficial muscle invasion stages).

Methods
Data source and processing

TGCA-BLCA transcriptomes and clinical data (survival,
time of follow-up, staging and level, gender, age) were
collected from The Cancer Genome Atlas database (https://
portal.gdc.cancer.gov/). A total of 151 samples were used in
the current study, including 132 bladder cancer samples (T < II,
Grade < ITa, NOMO) and 19 normal samples. Dataset GSE19915
was obtained from National Center for Biotechnology
Information-Gene Expression Omnibus (NCBI-GEO) database
(https://www.ncbinlm.nih.gov/geo/) (18), which contained 91
bladder cancer samples and 7 normal tissue samples. Pan-cancer
gene expression and survival data were downloaded from the the
University of California, Santa Cruz (UCSC) Xena database
(https://xena.ucsc.edu/) (19). The edgeR package (20) in R was
applied to standardize data and analyze differential expression
(P < 0.01, [logFC| = 2), and the Practical Extraction and Report

TCGABLCA

survival analysis

e
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Language (Perl) was used to filter and combine data (21) to make
a more accurate analysis of the data from TCGA-BLCA-RNA-
Seq and NCBI-GEO-GSE19915.

Survival analysis

Survival TCGA-BLCA was downloaded from the TCGA
database. Key information, including time of survival and
follow-up, gender, age, and sample number, was then
extracted. Limma (22) and survival (23) packages in R were
used to identify genes associated with prognosis (P < 0.001 was
defined to obtain enormously significant correlated genes). The
Product-Limit method (i.e., the Kaplan-Meier method) (24) and
the Cox model (25) were combined to screen genes for
correlation to survival.

Weighted gene co-expression analysis

The WGCNA package in R (26) was applied to perform
module identification and the dividing of transcriptomes from
TCGA-BLCA and GEO-GSE19915 according to correlation with
bladder cancer. A topological overlap matrix (TOM) was used to
measure the connection strength between genes (Dynamic Tree
Cut: minModuleSize = 50; Cluster Cut: MEDissThres = 0.25).
Candidate modules were defined as significantly correlated with
clinical characteristics, ie. significant differential gene expression
between normal tissue and bladder cancer tissue.
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Workfolw. We first acquired bladder cancer transcriptome data from the TCGA and GEO databases, and then we performed differential
expression, WGCNA, and survival analysis to focus on the research target MAP1A. Then, for the MAP1A gene, we performed pan-cancer analysis,
correlation analysis with immune cells and immunological checkpoints, and confirmed the MAP1A expression and survival analysis in the GEPIA
database. The expression of MAP1A was validated in bladder cancer cell lines. Finally, the mechanism of the MAP1A endogenous competitive

RNA network was hypothesized
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Pan-cancer analysis

In this study, the transcriptomes of 33 different cancer types
were obtained from the UCSC Xena database. The limma
package in R was used to analyze the expression of the
MAPIA gene in pan-cancer tissues.

Correlation analysis of immunocytes and
immune checkpoints

The TIMER database (http://timer.cistrome.org/) (27) was
used for correlation analysis of MAP1A copy number and its
expression with immunocytes involving CD4" T cells, CD8" T
cells, B cells, Dcs, and macrophages. Using both the TIMER
database and GEPIA data, the correlation between MAP1A and
immune checkpoint (PD-1/PD-L1, CTLA4) specific genes
(CD274, PDCD1, CTLA4) volume was investigated in order to
obtain more accurate predictions. Correlation between
immunocyte genes and the gene MAP1A was analyzed using
the limma package in R.

CeRNA network construction

In order to discover miRNAs that may be regulated by
MAPI1A (28-30), we used databases such as microT, miRanda,
PITA, RNA22, PicTar, and Targetscan. The TCGA-BLCA-
miRNA expression profile and clinical data were downloaded
from the TCGA database. The limma package in R was used to
screen differentially expressed miRNAs in bladder cancer and
the survival package for finding miRNAs associated with patient
survival. Candidate miRNAs were screened as MAPIA targeted,
with a negative correlation with MAPIA expression and
associated with survival in bladder cancer. The target IncRNAs
of miRNAs were predicted using the Starbase and Targetscan
databases (28, 29) and regulated circRNAs were predicted using
Targetscan, Circbank, and miRanda (28, 29, 31). The prediction
of miRNA-targeted non-coding RNAs (IncRNAs and circRNAs)
and their correlation with miRNAs and MAP1A expression in
bladder cancer were further analyzed using the limma package in
R. Candidate circRNAs were defined based on corFilter = 0.2
and pvalueFilter = 0.001, and IncRNAs were defined based on
corFilter = 0.2 and pvalueFilter = 0.05. The correlation (P <
0.001) between non-coding RNAs and survival in bladder cancer
patients was analyzed using both the limma and survival
packages in R. A ceRNA network of MAP1A-miRNA-
IncRNA/circRNA was constructed after the identification of
miRNAs negative correlation with MAP1A expression in
bladder cancer, as well as IncRNAs and circRNAs positive
correlation with MAP1A. Cytoscape v3.7.2 was finally used to
visualize the ceRNA network.
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Cell lines and culture

Human bladder carcinoma SW780 (Grade I) and 5637
(Grade 1II) cells, as well as human bladder epithelial cell SV-
HUC-1, were obtained from Procell Life Science & Technology
Co., Ltd. (Wuhan, China). All the above cell lines were certified
and routinely tested for mycoplasma contamination before use.
For SV-HUC-1 cells, the culture medium consisted of Ham’s F-
12K supplemented with 10% FBS (GIBCO, USA) and 1%
Penicillin/Streptomycin (Invitrogen, USA), while for 5637
cells, RPMI-1640 supplemented with 10% FBS (GIBCO, USA)
and 1% Penicillin/Streptomycin (Invitrogen, USA) were used
and grew under 95% air and 5% CO2 at 37°C. SW780 cells were
cultured in Leibovitz’s L-15 supplemented with 10% FBS
(GIBCO, USA) and 1% Penicillin/Streptomycin (Invitrogen,
USA) under 100% air at 37°C.

RNA extraction and RT-qPCR assay

Total RNA was extracted using TRIzol Universal Reagent
(TIANGEN, Beijing, China). The reverse transcription and
quantification were conducted using the PrimeScript TM RT
reagent Kit (Takara, Dalian, China) and the TB Green Premix
Ex TaqTM Kit (Takara, Dalian, China), following instructions.
The Primer Premier 5 software was used to design the
PCR primers and the primer synthesis was performed by
Tsingke Biotechnology Co., Ltd. (TSINGKE, Xi’an, China).
The RT-qPCR assay was performed on an ABI PRISM 7500
Sequence Detection System (Applied Biosystems, USA). The 2
AACT method was applied to analyze the relative expression
of MAPIA. A comparison between different types of cells
was conducted using one-way ANOVA analysis. The statistical
difference was set at P < 0.05. The following primer sequences
were used in the current study: The forward primer sequence
for GAPDH (internal control) is CAATGACCTTCATTGACC,
and the reverse primer sequence is TTGATTTTGGAGGG
ATCTCG; the forward primer sequence for MAPI1A is
GCCGGCATCAATGGACTAC, and the reverse primer
sequence is CAACTCCAAGCTCAAGAGAT.

Statistical analysis

Differential gene expression was determined according to
the Wilcox test and P-value. Pearson’s correlation coefficient was
used to analyze the correlation. Survival analysis was determined
according to HR and P values. A P value of less than 0.05 was
considered statistical significance, less than 0.01 was considered
a significant difference, and less than 0.001 was considered an
extremely significant difference. An HR value of more than 1.0
indicates high risk.
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Results
Differential expression analysis

A total of 2892 differentially expressed genes were obtained using
the edgeR package in R (filter: Fold Change = 2, Calibration: P < 0.01)
to explore specimens from the TCGA database, including 132
bladder cancer specimens (T < II, Grade < ITa, NOMO) and 19
normal bladder specimens (Supplementary Material, Table 1).
Meanwhile, 2112 differentially expressed genes were obtained
through analysis of the GEO-GSE19915 dataset (Supplementary
Material, Table2). Visualized volcano plots are shown in
(Figures 21, J).

WGCNA analysis

The WGCNA package in R was used to analyze TCGA-
BLCA transcriptome data. To build a WGCNA network for
TCGA and GEO, we first calculated the soft threshold (power),
then raised the coexpression similarity to calculate adjacency.
We used the pickSoftThreshold function in WGCNA, which
performs the analysis of network topology. The soft thresholding
(power) was set at 3 and 4 in the TCGA and GEO datasets,
respectively. The scale independence reached 0.9 and the average
connectivity was relatively high, as shown in Figures 2A, B. Eight
modules comprising highly correlated genes were identified
based on clinical features. The blue module has the most
negative correlation with bladder cancer in the present study
(P = 5e-41, R = -0.58). Similarly, 15 associated modules with a
relationship between clinical features and the GEO dataset were
identified. The turquoise module is related to the risk of bladder
cancer (P = 5e-40, R = -0.92). Thus, we consider the genes in the
blue module from TCGA-WGCNA analysis and the turquoise
module from GEO-WGCNA analysis to be the most correlated
with bladder cancer in the current research (Figures 2C-H).

Survival analysis

In the present study, the Kaplan-Meier analysis in combination
with the Cox regression model was applied to analyze clinical data
from TCGA-BLCA. During the screening, the calibration P value
was set below 0.001 to obtain the most correlated biomarker. A total
of 19 biomarkers were found to correlate with the survival of bladder
cancer patients. Among these biomarkers, 11 genes show high risk
(HR > 1), including MXRA7, LAMA2, AHNAK, EMP1, MAPIA,
PRKG]I, SVIL, PID1, NCAMI, JAM3, and EFEMP1 (Table 1).

Veen analysis

Veen analysis was performed to find common genes using 19
survival-related genes in bladder cancer, 2892 differential
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expressed genes from TCGA-BLCA, 2112 differential
expressed genes from GEO-GSE19915, 4229 genes in the
WGCNA-TCGA-blue module, and 1191 genes from the
WGCNA-GEO-turquoise module. Three overlap genes,
including SVIL, AHNAK, and MAPIA, were finally obtained
(Figure 2K). To further confirm single genes, normal samples
from GEPIA and GETx databases were used to verify differential
expression of the above 3 genes, overall survival rate, and
disease-free survival rate (Figure 3). MAP1A was significantly
correlated with overall survival and disease-free survival rates in
bladder cancer (P < 0.001). Thus, MAP1A was selected as a
target for the following studies.

Verification of MAP1A gene expression

Normal bladder samples from GEPIA and GETx databases
were used to verify MAPIA gene expression in comparison to
bladder cancer tissues. As shown in Figure 4A, the MAP1A gene
was decreased in bladder cancer tissues compared with high
levels in normal bladder samples. The differential expression of
MAPIA was statistically significant (P < 0.05). The
immunohistochemical observation in Human Protein Atlas
(HPA) database demonstrated moderate expression of MAP1A
in normal bladder tissues (HPA039064, Patients id: 751, Male,
age: 55, Intensity: Moderate, Quantity < 25%), with a weak
expression intensity in low-grade bladder cancer (HPA039064,
Patients id: 4936, Male, age: 76, Intensity: Weak, Quantity <
25%) and undetectable in high-grade bladder cancer
(HPA039064, Patients id:1984, Male, age61, Intensity:
Negative, Quantity: None) (Figure 4E). Additionally, MAP1A
is correlated with a poor prognosis of bladder cancer (P < 0.001),
with an approximately 26% ~ 55% of 5-year survival
rate (Figure 5).

In vitro, bladder cancer cell lines (SW780, 5637) and
normal bladder epithelial cell SV-HUC-1 were verified for
MAPI1A expression (Figure 4B). MAPIA was highly
expressed in SV-HUC-1 cells, whereas the levels were low
in both SW780 and 5637 cell lines. Compared to MAP1A in
SV-HUC-1, significant differences were found in SW780 (P <
0.01) and 5637 (P < 0.001). (Supplementary material, Data
sheet 1)

Next, the limma package in R predicted MAP1A expression
in pan-cancer (Figure 4F). Compared with normal bladder
tissues, single-gene MAPIA decreased in various cancers
(BLCA, BRCA, COAD, GBM, KICH, PRAD, READ, THCA,
and UCEC, P < 0.001), while it increased in CHOL and LIHC
(P < 0.001). No significant difference was observed in ESCA,
HNSC, KIRC, KIRP, LUAD, LUSC, and STAD. Furthermore,
the correlation between MAP1A expression and overall survival
as well as disease-free survival was verified using the GEPIA
database (Figures 4C, D). High expression of MAPIA showed a
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TABLE 1 Results of survival analysis by the KM methodology and the Cox regression approach.

Biomarker

MXRA7
LAMA2
AHNAK
EMP1
MAPIA
PRKG1
SVIL
PID1
NCAM1
JAM3
EFEMP1
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0.00011 0.000298 1.326061
0.00012 0.000685 1.340701
0.000141 0.000787 1.303549
0.00049 0.000629 1.279121
0.000131 0.000143 1.156483
Cc E

Disease Free Survival Overall Survival
2 — Low SVIL TPM 2 — Low SVIL TPM
—— High SVIL TPM — High SVIL TPM
Logrank p=0.2 Logrank p=0.00012
o | HR(high)=1.2 o HR(high)=1.8
o p(HR)=0.2 o p(HR)=0.00015
= n(high)=201 o n(high)=201
2| N .oor..flowW)=201 T I n{low)=201
§ S R g3
2] w
= r=2 I ™R
O - O 9
O o s e
(o N . ST

o | o
N = L
=] o
o | o |
o o

T T T T T T
0 50 100 150 0 50 100 150
Months Months
D F
Disease Free Survival Overall Survival
2 —— Low AHNAK TPM g —— Low AHNAK TPM
\ —— High AHNAK TPM —— High AHNAK TPM
Logrank p=0.077 Logrank p=2e-04
o | HR(high)=1.4 < | HR(high)=1.8
] p(HR)=0.076 ° p(HR)=0.00024
5 n(high)=201 5 n(high)=201
=3 n(low)=201 =3 n(low)=201
s o | <4
5 © 5 °
2] 2]
g e +—t g
8 3 C———| 831
s Ferarneremesesemy $
ol e o
i Sl
o | .
o <
T T T T T T
0 50 100 150 0 50 100 150
Months Months

Differential expression analysis and overall survival and disease-free survival of SVIL and AHNAK were validated in the GEPIA database in
combination with normal samples in the GETx database. (A) SVIL difference expression box visualization diagram; (B) AHNAK difference
expression box visualization diagram; (C) Disease Free Survival for SVIL; (D) Disease Free Survival for AHNAK; (E) Overall Survival analysis for
SVIL; (F) Overall Survival analysis for AHNAK. * indicates P < 0.05.

Frontiers in Oncology

07

frontiersin.org


https://doi.org/10.3389/fonc.2022.1016542
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lyu et al. 10.3389/fonc.2022.1016542
A@ | B sk ¢ Overall Survival
c 1.5 2 — Low MAP1ATPM
° —— High MAP1A TPM
. 3 *x i nca]
N IR o | igh)=1.
i g 1 o p(HR)=7.8e-05
a 1.0 = n(high)=201
<« g . % o | Nl n(low)=201
) =
o 2
o 0.5 5 °
< «
o~ - N
o °
s
7 0.0- 3 : : :
0 50 100 150
Months
D . .
Disease Free Survival
2 — Low MAP1ATPM
—— High MAP1A TPM
Logrank p=0.0025
@ | HR(high)=1.7
S p(HR)=0.0028
= n(high)=201
= © n(low)=201
£ 21
w
k=
Q < |
O o
&
Normal tissue Low-grade tissue High-grade tissue S
o |
F Type E Normal $ Tumor ° T T T
0 50 100 150
8] e wre wer wne R Months
9: F value = 13.7
s o -« Pr(>F) = 1.81e-06
c
S .
IR SRS L
2 T P « N BECTIE T i
* es . o s
< i 14 . 8 ° . . .
o . e . .
< . s '
= . o~ o
2 . [ ] ’ .
: % l-i
0 =% ]
T I AN O TS O 0 R L O LLO Q Q9 0
O U O X YV & 9 0 & I X9 ¥ LN S B —
TESSEEFEEEIIIFLETLY L= : :
Stage Il Stage Il Stage IV
FIGURE 4

MAP1A gene expression and prognosis validation. (A) Validation of MAP1A expression in bladder cancer tissue samples and normal tissue
samples using the GEPIA database and the GETx database. (B) MAP1A expression in bladder cancer cells SW780 and 5637, as well as normal
bladder epithelial cells SV-HUC-1. (C) MAP1A in the GEPIA database for overall survival analysis of bladder cancer. (D) MAP1A correlation with
disease-free survival in bladder cancer (GEPIA database). (E) MAP1A expression in bladder cancer tissues (immunohistochemistry, HPA database).

(F) MAP1A expression in pan-cancer. (* indicates P < 0.05, ** indicates P <

0.01, *** indicates P < 0.001). BRCA, Breast invasive carcinoma;

CHOL, Cholangiocarcinoma; COAD, Colon adenocarcinoma; ESCA, Esophageal carcinoma; GBM, Glioblastoma multiforme; HNSC, Head and
neck cancer; KIRC, Kidney renal clear cell carcinoma; KIRP, Kidney renal papillary cell carcinoma; LIHC, Liver hepatocellular carcinoma; LUAD,
Lung adenocarcinoma; LUSC, Lung squamous cell carcinoma; PRAD: Prostate adenocarcinoma; READ, Rectum adenocarcinoma; STAD,

Stomach adenocarcinoma; THCA, Thyroid carcinoma; UCEC, Uterine corpus endometrial carcinoma. (G) The expression of MAP1A in different

stage of bladder cancer.

strong correlation with the overall survival factor (P = 7.8e-05,
HR = 1.9), with statistical significance with the disease-free
survival risk factor (P = 0.0028, HR = 1.7). Moreover, together
with GEPIA analysis, MPA1A showed significant differences within
different stages of bladder cancer (F value = 13.7, Pr (>F) = 1.81e-
06) (Figure 4G).
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Correlation analysis between MAP1A and
immunocytes and immune checkpoints

To predict whether MAPIA is correlated with immunocytes,

the TIMER2.0 database was used to investigate the correlation
between immunocytes and MAP1A copy number variation and its
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According to the HPA database, MAPIA is associated with a poor prognosis in bladder cancer (P < 0.001), and 5-year survival in bladder cancer

patients ranges from 26% to 55%.

expression. Tumor purity was normalized before correlation
analysis. The levels of CD4" T cells, CD8" T cells, mDCs,
macrophages, and neutrophils showed a significant positive
correlation with single gene MAP1A expression (P < 0.001), with
a significant negative correlation for B cells (P < 0.001) (Figure 6A).

As shown in Figure 6B, the copy number alteration of
MAPIA was associated with CD8" T cells and mDCs (P <
0.05). No correlation was noted with B cells, CD8" T cells,
macrophages, and neutrophils (Figures 7A-C). The limma
package in R was applied to analyze the correlation between
MAPIA and genes in immunocytes. As displayed in Figure 6C,
positive correlations (P < 0.01) with MAP1A occurred for genes
in B cells (CD19, CD79A), CD8" T cells (CD8A, CD8B), CD4* T
cells (CD4), M1 macrophages (NOS2, PTGS2), M2 macrophages
(CD163, VSIG4, MS4A4A), neutrophils ITGAM, CCR7), and
DCs (HLA-DPB1, HLA-DQBI1, HLA-DAR, HLA-DPA1, CD1C,
NRP1, ITGAX). No significant correlation was observed with the
IRF5 gene in M1 macrophages (P = 0.13).

To further confirm whether single-gene MAPIA is a
potential monitoring biomarker for immunotherapy in bladder
cancer, TIMER2.0 and GEPIA databases were used for
correlation analysis of immune checkpoint PDL-1/PD1,
CTLA4 related gene CD274, PDCDI, and CTLA4. As seen in
Figure 6D, prediction based on the two databases demonstrated
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an extremely significant positive correlation of PDCD1 and
CTLA4 with MAPIA expression (P < 0.001). However, a
significant positive correlation of CD274 with MAP1A was
only obtained in the TIMER 2.0 database (P < 0.001), with no
correlation in the GEPIA database (P > 0.05) (Figures 7D-F).

Construction of ceRNA network for
MAP1A

Databases including microT, miRanda, miRmap, PITA, RNA22,
PicTar, and Targetscan were used to predict the targeting miRNA of a
MAPIA. A total of 69 miRNAs were predicted to bind MAP1A.
TCGA-BLCA-miRNA expression data and clinical information were
downloaded from the TCGA database. The Limma package in R
(corFilter = 0.2, pvalueFilter = 0.001) was used to analyze differentially
expressed miRNAs in bladder cancer. The survival package in R was
applied to analyze bladder cancer survival-associated miRNA. Seven
differentially expressed genes in bladder cancer tissues were found to
correlate with survival in bladder cancer patients (P < 0.05).
Additionally, a number of miRNAs (miR-182-5p, miR-15a-5p,
miR-15b-5p, miR-16-5p, miR-671-5p, miR-185-5p, miR-24-3p, and
miR-34a-5p) were identified that had a negative correlation with
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MAPIA expression. Then miR-34a-5p was finally selected according
to the sponge-binging effect on MAP1A predicted in the 6 databases
(microT, miRanda, miRmap, PITA, PicTar, Targetscan)
(Supplementary material; Table 3). In addition, miR-34a-5p
showed a negative correlation with MAP1A in bladder cancer
tissues (P < 0.001, R = -0.29) and was related to bladder cancer
Supplementary material, Table 3 patient survival (P <
0.05) (Figure 8A).

Next, 139 interacted IncRNAs with miR-34a-5p were predicted
through Starbase and TargetScan databases (Supplementary
material, Table 4). Besides, 2696 interacted circRNAs were
predicted using Targetscan, circbank, miRanda databanks
(Supplementary material, Table 5). Limma package in R was used
to identify genes correlated with miR-34a-5p and MAPIA in
bladder cancer tissues. Two IncRNAs (LINC00667, CKMT2-AS1)
and four circRNAs (hsa_circ_0050649, hsa_circ_0129524,
hsa_circ_0067046, hsa_circ_0101667) that correlated with miR-
34a-5p and MAPIA expression in bladder cancer tissues
(negatively correlated with miR-34a-5p while positively correlated
with MAP1A) were analyzed using the limma package in R. Both
the limma and survival packages in R were applied to analyze the
correlation between non-coding RNA expression and survival in
bladder cancer patients, and 1 IncRNA and 3 circRNA
(hsa_circ_0129524, hsa_circ_0067046, and circTNS1) (P < 0.001)
were identified. Considering the negative correlation with miR-34a-
5p and the positive correlation with MAP1A expression, LINC0667,
circ_MYLK (hsa_circ_0067046), and circ_ MAP1B
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(hsa_circ_0129524) were finally obtained (Figure 8B). Collectively,
these results supported the idea that the MAP1A/miR-34a-5p/
LINCO0667/circ_ MYLK/circ_MAP1B ceRNA network may play a
role in the pathological processes of bladder cancer (Figure 8C).

Discussion

In clinical bladder cancer patients, routine follow-up is
required to monitor the disease progression after diagnosis
and treatment. The routine follow-up visit generally includes a
cystoscope, a urine cytological examination, and urography for
the upper urinary tract. These frequent traumatic examinations
not only affect patients’ quality of life but also increase their
economic burden (32). Efforts are still underway to explore
reliable biomarkers for the prognosis of bladder cancer. The
present study aimed to identify biomarkers for early diagnosis
and prognosis of bladder cancer clinically.

The TCGA transcriptome data and clinical data listed the
differentially expressed mRNAs in bladder cancer at an early
stage. Screening of microarray data of early-stage bladder cancer
was also done with the GEO database, following WGCNA co-
expression network analysis of both the TCGA-BLCA and GEO-
BLCA databases. Finally, survival analysis of TCGA-BLCA data was
conducted for the prediction of biomarkers related to the prognosis
of bladder cancer. A total of 3 sets of overlap gene expression were
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Construction of a ceRNA network. (A) Correlation analysis of miR-34a-5p with MAP1A, miR-34a-5p expression in bladder cancer tissues and
paracancer tissues, and correlation analysis of miR-34a-5p expression with bladder cancer patients’ survival. (B) Analysis of the relationships
between LINC0667, MAP1A, and miR-34a-5p expression, analysis of LINCO667 expression in bladder cancer and paracancer tissues, and
correlation analysis of LINC0O667 expression with bladder cancer patient survival. (C) Correlation analysis between circ_MAP1B and circ_MYLK
with MAP1A and miR-34a-5p expression, analysis of circ_MAP1B and circ_MYLK expression in bladder cancer tissues and paracancer tissues,
correlation analysis of circ_MAP1B and circ_MYLK expression with survival of bladder cancer patients. (D) Visualization map of ceRNA interaction

network by cytoscape software.

obtained from TCGA-DEG, GEO-DEG, TCGA-WGCNA, GEO-
WGCNA, and TCGA-Survival. After differential expression and
survival analysis using the GEPIA and GETx databases, MAPI1A
was confirmed to have the strongest correlation with the prognosis
of early-stage bladder cancer. High expression of MAP1A was
noted in normal bladder tissues with a decreased expression in
bladder cancer tissues. The same results were reflected in vitro, in
both the bladder cancer cell lines SW780 and 5673 and the normal
bladder epithelial cell SV-HUC-1.
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The ceRNA network connects the function of protein-encoding
mRNA with non-coding RNA, including microRNA, IncRNA,
circRNA, and pseudogenes. All RNA with miRNA response
element (MRE) can function as regulatory ceRNA. The
mechanism of ceRNA involves competing endogenous genes
sponge-binding target miRNA to regulate gene transcription. The
activity of ceRNA is affected by various factors, including the length
of ceRNA, the binding affinity of miRNA sponge, RNA secondary
structure, and RNA-binding proteins. Abnormality in these factors

frontiersin.org


https://doi.org/10.3389/fonc.2022.1016542
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lyu et al.

may cause dysregulation of the ceRNA network and thus result in
the development of diseases including cancer (33).

Therefore, in the present study, we predicted miRNA (miR-
34a-5p) and ceRNAs (LINC0667/circ_ MYLK/circ. MAP1B)
involved in MAP1A expression regulation by constructing a
MAP1A-miRNA-IncRNA/circRNA network. We retrieved the
PubMed database and Web of Science database for current
studies focused on the relationship between MAPIA and
bladder cancer. A study by Yan et al. (34) reported that
MAPIA is an autophagy-related gene associated with the
prognosis of bladder cancer. In another study by Xie (35),
MAPIS, a gene homologous to MAP1A, activates autophagy
via regulation of the Beclin 1 dependent PIK3/AKT/mTOR
pathway. The expression of MAPIS is positively correlated
with the autophagy-related biomarker Bcl-2. Lv (36)
demonstrated that miR-34a-5p induced cell autophagy
through inhibition of Bcl-2 expression to activate the Beclin 1
signaling pathway. Meanwhile, miR-34a-5p is in negative
correlation with Bcl-2 expression. ThePIK3/AKT/mTOR
signaling pathway plays a critical role in the development and
prognosis of bladder cancer (37). As a result, it was hypothesized
that the miR-34a-5p mediated MAP1A ceRNA regulation
network that promotes autophagy to induce bladder cancer
develops through the PIK3-AKT-mTOR pathway. However,
further experiments are required to identify the specific
pathways involved in the development of bladder cancer.

Currently, TURBT in combination with immunochemical
therapy is the main treatment for early-stage bladder cancer.
Except for traditional treatment using BCG bladder irrigation,
recently, immunotherapy targeting immune checkpoints CTLA-
4 and PD-1/PD-L1 has been applied to treat early-stage bladder
cancer, achieving satisfactory clinical efficacy (7, 38, 39). In order
to predict whether MAPIA can be used to guide bladder cancer
immunotherapy, we also analyzed the correlation of MAP1A
with immune cells and immune checkpoints. According to Luo
(40), the expression of MAP1A was closely correlated with the
immunotherapeutic response of non-small cell lung cancer, and
MAPIA is expected to serve as an immunotherapeutic target
for non-small cell lung cancer (NSCLC). As shown in the results
of our study on the correlation between MAP1A and
immunotherapy, MAPIA is also possible to be a biomarker for
monitoring immunotherapy response in bladder cancer.

The current research has certain limitations. For starters, in
vitro and in vivo experiments failed to verify the mechanistic
relationship between MAP1A and bladder carcinogenesis and
development. Second, gene prediction for the prognosis of early-
stage bladder cancer was focused only on the TCGA and GEO
datasets. More data is still required for further research. Finally,
further clinical investigation is aimed at confirming the
interaction between MAPIA and bladder cancer stage and
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grading. In vitro and in vivo experiments will be performed in
the future to explain the pathways of MAPIA in the
development of bladder cancer. Clinical specimens of bladder
cancer will be collected for verification.

Conclusion

This study, using TCGA and GEO databases, predicted a
potential biomarker correlation with the prognosis of bladder
cancer by differential gene expression and weighted gene
coexpression analysis. Further prediction uncovered its
expression in pan-cancer, its correlation with immunocytes
and immune checkpoints, and the ceRNA mechanism
involved. Finally, we preliminarily tested MAP1A expression
in bladder cancer cell lines. To our knowledge, this is the first
time we predict and report the correlation of MAP1A with early
diagnosis of bladder cancer, prognosis, immunotherapy, and the
ceRNA network.
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