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A B S T R A C T   

Objectives:  Identification of m6A- related lncRNAs associated with BC diagnosis and prognosis. 
Methods:  From the TCGA database, we obtained transcriptome data and corresponding clinical information 
(including histopathological and CT imaging data) for 408 patients. And bioinformatics, computational histo-
pathology, and radiomics were used to identify and analyze diagnostic and prognostic biomarkers of m6A-related 
lncRNAs in BC. 
Results:  3 significantly high-expressed m6A-related lncRNAs were significantly associated with the prognosis of 
BC. The BC samples were divided into two subgroups based on the expression of the 3 lncRNAs. The overall 
survival of patients in cluster 2 was significantly lower than that in cluster 1. The immune landscape results 
showed that the expression of PD-L1, T cells follicular helper, NK cells resting, and mast cells activated in cluster 
2 were significantly higher, and naive B cells, plasma cells, T cells regulatory (Tregs), and mast cells resting were 
significantly lower. Computational histopathology results showed a significantly higher percentage of tumor- 
infiltrating lymphocytes (TILs) in cluster 2. The radiomics results show that the 3 eigenvalues of diagnostics 
image-original minimum, diagnostics image-original maximum, and original GLCM inverse variance are 
significantly higher in cluster 2. High expression of 2 bridge genes in the PPI network of 30 key immune genes 
predicts poorer disease-free survival, while immunohistochemistry showed that their expression levels were 
significantly higher in high-grade BC than in low-grade BC and normal tissue. 
Conclusion:  Based on the results of immune landscape, computational histopathology, and radiomics, these 3 
m6A-related lncRNAs may be diagnostic and prognostic biomarkers for BC.   

Introduction 

N6-methyladenine (m6A) is the methylated adenosine at the N6 site, 
which is a wide and abundant modification in mRNA. By regulating RNA 
splicing, degradation, and translation, m6A methylation modification 
regulates various biological processes, including cell proliferation, 
metabolism, and metastasis, and these processes are also related to 
anticancer drug resistance [1]. In recent years, the research on m6A 
methylation modification related genes has been deepened, and the 
number of related genes has been found to be increasing. According to 
their regulatory function in m6A methylated modification, these genetic 

proteins are vividly classified into "writers," "erasers," and "readers" [2]. 
The "Writers" form multiple complexes centered on METTL3 and 
METTL14 proteins, which are correlated with each other and mainly 
promote the initial mRNA to undergo m6A methylation to form mature 
mRNA [1, 3, 4]. "Erasers" primarily remove the m6A methylation 
modification of mRNA [5–7]. "Readers’" main functions include the 
export, splicing, stabilization, translation, and decay of m6A methylated 
modified mRNA [3–10]. (Fig. 1) 

Long non-coding RNAs (lncRNAs) are non-translated functional 
proteins with a length of more than 200 nucleotides that are produced 
during genome transcription. It is estimated that there are over 100,000 
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human lncRNAs. Although the function of most lncRNAs is still unclear, 
there is sufficient evidence that an increasing number of lncRNAs have 
important functions. These include roles in gene regulation; influencing 
the expression of nearby genes, which in turn affects chromatin biology; 
as well as participating in different stages of mRNA, including splicing, 
conversion and translation, and signalling pathways. [11] 

Studies have confirmed that m6A "writers", "readers" and "erasers" 
interact with lncRNAs to influence tumor initiation and progression [4]. 
Such as, lncRNA X-Inactive Specific transcript (XIST) is a modification of 
the methylation target of RBM15/RBM15B, acting directly on ZC3H13 
that communicates with m6A. At the same time, RBM15/RBM15B, 
WTAP, and METTL3 form a complex that acts on XIST with WTAP as the 
interaction point [12]. LINC00632, resulting in CDR1-AS (cerebellar 

degeneration-associated 1 antisense) deletion, promotes melanoma in-
vasion and metastasis through the regulation of the "reader" IGF2BP3 
[13]. SOX2OT (SOX2 overlapping transcript) promotes the transcription 
of demethylated SOX2 through "eraser" ALKBH5, resulting in increased 
expression of SOX2 (SRY-box transcription factor 2), thereby inhibiting 
apoptosis, promoting cell proliferation, inhibiting glioblastoma resis-
tance to temozolomide, and activating the Wnt5a/-catenin pathway. 
[14]. 

However, there are few clinical and experimental studies on the role 
of m6A-related lncRNAs in BC. Therefore, we used the TCGA database to 
screen the m6A-related lncRNAs in BC samples in this paper. Bioinfor-
matics methods, computational histopathology, and radiomics analysis 
were used to discuss the relationship between m6A-related lncRNAs and 

Fig. 1. The m6A methylation modulation of the "writers", "Erasers" and "readers" proteins in the mRNA. ZC3H13, HAKAI, VIRMA, METTL3, RBM15/15B, METTL14, 
WTAP, CBLL1, METTL5, ZCCHC4 and METTL16 of "writers" bind tightly or form complexes like "writers" that promote mRNA maturation and m6A methylation. FTO 
and ALKBH5 form a complex like "Erasers" that promotes m6A methylation of mRNA removal. And other proteins like "readers", the YTHDC1 splices the mRNA and 
exports the mature mRNA to the cytoplasm; HNRNPA2B1, HNRNPC and HNRNPG also have the effect of splicing mature mRNA; IGF2BP1, IGF2BP2, IGF2BP3, 
YTHDF1, YTHDF3 and EIF3 promotes mature mRNA translation; IGF2BP1, IGF2BP2, IGF2BP3 and FMRP maintain mature mRNA stabilization; YTHDF3, YTHDF2 
and YTHDC2 promote mature mRNA decay. 

Fig. 2. Flow diagram.  
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the prognosis of BC. (Fig. 2). 

Materials and methods 

Sample data acquisition 

The Cancer Genome Atlas (TCGA) database was used to obtain RNA- 
seq transcriptome, clinical characteristics, and computerized tomogra-
phy (CT) images of BC patients. After removing duplicate samples, we 
included 408 tumors and 19 normal samples. And we downloaded 
tumor-infiltrating lymphocytes (TILs) percentage data and BC patho-
logical images from The Cancer Imaging Archive (TCIA) database (http 
s://cancerimagingarchive.net/datascope/TCGA_TilMap/home/). 

M6A - related LncRNAs 

The 27 relatively closely related genes (METTL3, METTL5, 
METTL14, METTL16, WTAP, RBM15, RBM15B, ZC3H13, KIAA1429/ 
VIRMA, TRMT112, CBLL1, ZCCHC4, FTO, ALKBH5, YTHDC1, YTHDC2, 
YTHDF1, YTHDF2, YTHDF3, IGF2BP1, IGF2BP2, IGF2BP3, HNRNPC, 
EIF3/EIF3A, HNRNPG/RBMX, HNRNPA2B1, FMRP) were screened 
from the recently published literature [3, 10]. The human lncRNA 
annotation file was obtained from GENCODE (https://www.gencodeg 
enes.org/); according to lncRNA annotation files, 14086 lncRNAs were 
screened by R software (version 4.0.5). In addition, lncRNAs and m6A 
co-expression networks were constructed using the “igraph” package 

(screening criteria:|Pearson’s R| > 0.5 and p < 0.05). 

Prognostic M6A-related LncRNAs screening 

The "survival" package was used to screen for prognostic m6A- 
related lncRNAs (P-value filter < 0.05). Then, the differentially 
expressed LncRNAs between normal and cancer tissues were screened 
(Log |fold change| > 1.5, adj. p < 0.05), and the intersection with 
prognostic m6A-related lncRNAs was also screened. Forest plots were 
then generated by univariate cox analysis of lncRNA data. In addition, 
the "pheatmap" package was used to map the expression levels of 
lncRNAs with significant prognostic value in tumor and normal samples. 

Bioinformatics analysis 

We used the "ConsensusClusterPlus" package to classify bladder 
cancer into subtypes based on prognostically relevant lncRNAs (1000 
iterations, 80% resampling rate). Overall survival (OS) of different 
subtypes was analyzed using the "Survival" package, and survival curves 
were drawn using the Kaplan-Meier method. The "pheatmap" package 
was used to visualize the relationship between prognostic lncRNA 
expression and clinicopathological features. The "CIBERSORT" algo-
rithm calculates the immune infiltration of BC samples and visualizes it 
with the "vioplot" package. Differences in expression among TILs, im-
mune cells, PD-L1 and PD-1 subsets were then analyzed using the 
"limma" package and visualized using the "ggpubr" package. GO (Gene 

Fig. 3. (a) Screened m6A RNA methylation regulators ("writers", "Erasers" and "readers") interact with m6A-related lncRNAs networks. (b) The hazard ratio forest 
plots showed univariate Cox analysis screened 3 M6A-related prognostic lncRNAs. 
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Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) 
enrichment analyses were performed on up-regulated and down- 
regulated immune genes between subgroups by "org.Hs.eg.db", respec-
tively. Finally, the PPI (Protein-Protein Interaction) analysis of differ-
ential immune genes was performed using online tools and the 30 key 
genes were obtained by Cytoscape software (MCC algorithm of 
cytoHubba). 

Radiomics 

A professor in the urology department and a doctor in the imaging 
department jointly read the patient’s CT and used 3D Slier (Version 
4.11) image processing software to mark the BC in the CT. After pro-
cessing, the "radiomics" package in Python (Version 3.7) software was 

used to identify tumour sites and extract characteristics (such as density, 
size, greyscale, etc.) from CT images, and the features with significant 
statistical significance between subgroups were screened (P < 0.05). 

Bridging immune gene immunohistochemistry and disease-free survival 

Among the top 30 key immune genes analyzed by Cytoscape soft-
ware, we searched for bridge genes, analyzed their influence on disease- 
free survival of patients, and observed their expression in tumor and 
normal tissues by immunohistochemistry. Disease-free survival analysis 
from GEPIA2 (http://gepia2.cancer-pku.cn/#survival), immunohisto-
chemistry from The Human Protein Atlas (https://www.proteinatlas. 
org/). 

Fig. 4. (a) Differential expression of 3 m6A-related prognostic lncRNAs in bladder cancer and normal bladder tissue (* p < 0.05, ** p < 0.01, and *** p < 0.001). 
Consensus cluster analysis was performed on 3 M6A-related Prognostic lncRNAs in 408 bladder cancer samples, (b) Consensus clustering matrix for k = 2, (c) The 
survival analysis for the two clusters by Kaplan-Meier method. (d) Differences in the abundance of 22 immune cell types between cluster 1 and cluster 2 in 
bladder cancer. 
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Results 

prognostic m6A - related lncRNAs identified 

According to the filter conditions (|Pearson R| > 0.5 and p < 0.05), 
the results showed that 8 m6As were associated with 79 lncRNAs 
(Fig. 3a and Supplementary Tables S1–S2). Then, univariate cox 
regression analysis was used to identify prognosis-related lncRNAs, 
obtaining 29 lncRNAs (Fig. 3b and Supplementary Tables S1–S2). 
Finally, it intersected with significantly differentially expressed lncRNAs 
to produce 3 (AC008735.2, AC099850.4, and LINC01355) up-regulated, 
prognostically m6A-associated lncRNAs. (Fig. 4a). 

Consensus clustering subgroup analysis 

Samples were classified according to the expression levels of 3 
prognostic lncRNAs using a consensus clustering method (K = 2 to 9). 
When k = 2, showing the best classification, 408 samples were divided 
into clusters 1 and 2 (Fig. 4b). The OS rate of cluster 2 patients was 
significantly lower than that of cluster 1 (Fig. 4c, P = 0.047). In addition, 
cluster 2 has more high-grade patients (Table 1, Fig. 5a, P = 0.005). 

Immune landscape 

Analysis of subgroup immunity revealed that the percentage of TILs 
(Fig. 6a, p = 0.004) was significantly higher in cluster 2. The results of 
immune cell infiltration revealed that naive B cells (p < 0.001), plasma 
cells (p < 0.001), T cells regulatory (Tregs) (p < 0.001), and mast cells 
resting (p < 0.001) were found in cluster 1 higher infiltration (Fig. 6b, c, 
f and g), while T cells follicular helper (p = 0.034), NK cells resting (p <

0.001) and mast cells activated (p = 0.001) were shown in cluster 2 
higher infiltration (Fig. 6 d, e and h). The immune checkpoint PD-L1 was 
significantly overexpressed in cluster 2, while PD-1 was not statistically 
significant (Fig. 5 b and c, p < 0.001). 

PPI, GO and KEGG 

PPI showed that 27 down-regulated immune genes were closely 
related to 63 up-regulated immune genes (Fig. 8a), and Cytoscape 
software screened 30 key genes (Fig. 9a). 

GO analysis showed that the main enriched biological processes (BP) 
of up-regulated genes were regulation of innate immune response, 
regulation of response to biotic stimulus, positive regulation of defense 
response, etc.; the enriched cellular components (CC) were vesicle 
lumen, secretory granule lumen, cytoplasmic vesicle lumen, etc.; the 
enriched molecular functions (MF) were ubiquitin-like protein ligase 
binding, cadherin binding, receptor ligand activity, etc. (Fig. 8c and 
supplementary material Table S4). The main enriched BP of down- 
regulated genes were regulation of MAP kinase activity, positive regu-
lation of lymphocyte activation, positive regulation of leukocyte acti-
vation, etc.; enriched CC were collagen-containing extracellular matrix, 
secretory granule lumen, cytoplasmic vesicle lumen, etc.; enriched MF 
were receptor ligand activity, signaling receptor activator activity, 
growth factor activity, etc. (Fig. 8b and supplementary material 
Table S5). 

The KEGG results of 30 key immune genes showed that the main 
enriched pathways included proteoglycans in cancer, MAPK signaling 
pathway, PI3K-Akt signaling pathway, chemokine signaling pathway, 
PD-L1 expression and PD-1 checkpoint pathway in cancer, etc. (Sup-
plementary material Table S6) 

Radiomics 

CT tumor site features were extracted from 106 patients (70 in group 
1 and 36 in group 2). Finally, 109 eigenvalues were extracted, of which 3 
eigenvalues (diagnostics_Image-original_Minimum (P = 0.026), diag-
nostics_Image -original_Maximum (P = 0.022) and origi-
nal_glcm_InverseVariance (P = 0.013)) were higher in cluster 2 (Fig. 7). 

Bridging immune gene immunohistochemistry and disease-free survival 

Cytoscape software identified 30 key immune genes with significant 
differences, among which HSP90AA1 and PAK2 were bridges in the PPI 
network (Fig. 9 a), and the Pearson’s test showed that they were 
significantly correlated (Fig. 9 e, correlation coefficient R = 0.49, p <
0.001). Disease-free survival analysis showed that the survival of 
HSP90AA1 and PAK2 in the high-expression group was significantly 
lower than that in the low-expression group (Fig. 9 c and d, p = 0.007 
and p = 0.010). Immunohistochemical results showed that HSP90AA1 
and PAK2 were significantly expressed in high-grade BC, while in low- 
grade BC and normal tissue expression is not obvious (Fig. 9 b). 

Discussion 

BC ranks among the top 10 malignancies, causing approximately 
165,000 deaths annually [15]. Although surgery can remove the pri-
mary lesion, the recurrence rate is high. The 5-year recurrence rate of 
non-muscle-invasive BC after TUR alone is as high as 58.8%, and the 
recurrence rate is 35 % even after adjuvant chemotherapy [16]. For 
patients with middle and advanced stages, such as radical cystectomy 
and urinary diversion, patients must bear financial pressure and main-
tain psychological pressure. Although immunotherapy for BC has 
entered the clinic, ideal immune targets are still being explored. M6A is 
the most common nucleotide modification in mRNA. More and more 
studies have confirmed that m6A-related enzymes play an important 
role in the occurrence and development of BC, such as METTL3, which 

Table 1 
Differences in clinical characteristics between Cluster 1 and Cluster 2.  

Clinical characteristics Cluster1 (N¼272) Cluster2 (N¼136) P 

Gender   0.111 
Male 194 (71.3%) 107 (78.7%)  
Female 78 (28.7%) 29 (21.3%)  
Age (years)   0.381 
≤60 75 (27.6%) 32 (23.5%)  
>60 197 (72.4%) 104 (76.5%)  
Grade   0.005 
High 251 (92.3%) 133 (97.8%)  
Low 20 (7.3%) 1 (0.7%)  
Unknow* 1 (0.4%) 2 (1.5%)  
TNM stage   0.644 
I 1 (0.4%) 1 (0.7%)  
II 92 (33.8%) 38 (28.0%)  
III 92 (33.8%) 48 (35.3%)  
IV 86 (31.6) 48 (35.3%)  
Unknow* 1 (0.4%) 1 (0.7%)  
T   0.463 
T0 0 (0%) 1 (0.7%)  
T1 1 (0.4%) 2 (1.5%)  
T2 80 (29.4%) 39 (28.7%)  
T3 129 (47.4%) 65 (47.8%)  
T4 39 (14.3%) 19 (14.0%)  
TX* 1 (0.4%) 0 (0%)  
Unknow* 22 (8.1%) 10 (7.3%)  
M   0.918 
M0 137 (50.4%) 59(43.4%)  
M1 7 (2.5%) 4 (3.0%)  
MX* 127 (46.7%) 71 (52.2%)  
Unknow* 1 (0.4%) 2 (1.4%)  
N   0.307 
N0 159 (58.4%) 78 (57.4%)  
N1 26 (9.6%) 20 (14.7%)  
N2 53 (19.5%) 22 (16.2%)  
N3 4 (1.5%) 4 (2.9%)  
NX* 25 (9.2%) 11 (8.1%)  
Unknow* 5 (1.8%) 1 (0.7%)  

The P value is chi-square test result, * means not included in the statistical test. 
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positively regulates pri-mir221/222 in an m6A-dependent manner and 
plays a carcinogenic role in BC [17]. METTL14 inhibits the self-renewal 
and tumorigenesis of BC initiating cells by Notch1′s N (6) -methyl-
adenosine [18]. LncRNAs are non-translated RNAs over 200 nucleotides 
in length that were previously thought to have no biological function. 
However, with the progress of research, more and more studies have 
confirmed that lncRNAs play a role in gene regulatory mechanisms, 
including mRNAs and signaling pathways involved in different stages 
[11]. A growing number of studies have found that lncRNAs are asso-
ciated with BC size, metastasis, invasion and drug resistance [19]. 

Few studies have shown that m6A-related lncRNAs are closely 
related to the progression of BC. Through bioinformatics, we identified 3 
m6A-related lncRNAs that were significantly overexpressed and signif-
icantly correlated with patient prognosis. Our consensus clustering 
analysis of these 3 lncRNAs identified two subtypes: cluster 1 (including 
272 patients) and cluster 2 (including 136 patients). Survival analysis 
showed that the OS rate of cluster 2 patients was significantly lower than 
that of cluster 1, and the clinicopathological grade was significantly 
higher in cluster 2. The immune landscape results showed that the 
expression of PD-L1, TILs, T cells follicular helper, NK cells resting, and 
mast cells activated was significantly higher in cluster 2, while naive B 
cells, plasma cells, T cells regulatory (Tregs), and mast cells resting were 
significantly lower. Studies have shown that the expression of the PD-1/ 
PD-L1 checkpoint can inhibit tumor-induced B cell and T cell immunity 
and macrophage phagocytosis [20–22], and inhibition of PD-L1 can 
aggregate and activate T cells, B cells, and macrophages [23]. A subset of 

native plasma cells can express inhibitory receptors for PD-L1 and PD-L2 
[24]. NK cells are anti-tumor innate immune cells that can inhibit the 
progression and recurrence of BC [25]. The role of mast cells in BC is 
unclear, but it has been reported that mast cell density is significantly 
higher in high-grade BC than in low-grade [26]. 

We analyzed the immune genes of cluster 2 and cluster 1, and per-
formed GO analysis on up-regulated and down-regulated genes, 
respectively. It was found that up-regulated genes were mainly enriched 
in regulation of innate immune response, regulation of response to biotic 
stimulus, positive regulation of defense response, etc., while down- 
regulated genes were mainly enriched in regulation of MAP kinase ac-
tivity, positive regulation of lymphocyte activation, positive regulation 
of leukocyte activation, et al. Interestingly, the down-regulated immu-
nity in cluster 2 was mainly enriched in the activation of immune 
pathways, implying that the high tumor grade in cluster 2 was due to the 
silencing of genes of these immune activation pathways. Then, 30 key 
genes in differentially expressed immune genes were clustered, and they 
were found to be proteoglycans in cancer, MAPK signaling pathway, 
PI3K-Akt signaling pathway, chemokine signaling pathway, PD-L1 
expression, and PD-1 checkpoint pathway in cancer, etc. indicate that 
these pathways are responsible for tumor progression in cluster 2. We 
noted that HSP90AA1 and PAK2 were bridge proteins of the PPI 
network, and found that their high expression was significantly associ-
ated with low disease-free survival, and immunohistochemistry showed 
that their expression was significantly higher in high-grade BC than in 
low-grade and normal bladder tissue. Related studies have shown that 

Fig. 5. (a) The heatmap shows the expression, and clinicopathological characteristics distribution and statistical differences of 3 lncRNAs (AC008735.2, AC099850.4 
and LINC01355) in cluster 1 and cluster 2. (b and c) The expression of immune checkpoint PD-L1 and PD-1 in cluster 1 and cluster 2. (ns means P > 0.05, ** means P 
< 0.01, *** means P < 0.001) 
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HSP90AA1 [27–29] and PAK2 [30–32] promote tumor progression, but 
there are few studies in BC. 

Computational histopathology refers to transforming pathological 
images into high-fidelity and high-throughput mining data based on 
artificial intelligence, which is used to quantify pathological diagnosis 
and disease prognosis and automatically generate pathological diag-
nosis reports [33]. Radiomics refers to the high-throughput extraction of 
a large amount of image information from images (CT, MRI, PET, etc.), 
and the analysis of image data information to help doctors make the 

most accurate diagnosis [34]. Our study of computational histopathol-
ogy data found that TILs significantly associated with the prognosis of 
urologic tumors [35] in cluster 2 were significantly higher than those in 
cluster 1, and many studies showed a correlation between TILs diagnosis 
and treatment of tumors [36]. Furthermore, among the 109 features 
extracted from radiomics, the eigenvalues of 
diagnostics_Image-original_Minimum, diagnostics_Image -origi-
nal_Maximum, and original_glcm_InverseVariance were significantly 
higher in cluster 2. In short, the above-mentioned discovery of 

Fig. 6. (a) Tumor-infiltrating lymphocytes (TILs) percentage in Cluster 1 and Cluster 2 (Figure i and j respectively represent the computational histopathology 
processed maps of the two cluster groups, and the red spots represent TILs). (b, c, d, e, f, g and h) 7 types of immune cells (B cells naïve, Plasma cells, T cells follicular 
helper, NK cells resting, T cells regulatory (Tregs), Mast cells resting, and Mast cells activated were significantly different in cluster 1 and cluster 2. 
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m6A-related lncRNAs provides a new target for BC diagnosis and 
therapy. 

Conclusion 

In this paper, two subtypes of m6A-related lncRNAs in BC were 
analyzed from RNA-omics, computational histopathology, and radio-
mics. Significant differences were found between the two subtypes in 
clinical, immunological, pathological, and CT features, which were 
closely related to the prognosis of BC. In a word, we provide biological 
targets and multi-omics approaches for diagnosing and treating BC. 
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