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Introduction
Bladder cancer is the tenth most commonly diagnosed cancer 
worldwide.1 More than 90% of bladder cancers originate from 
the urothelium epithelium of bladder. Tumors invading the mus-
cle or beyond are called muscle-invasive bladder cancer (MIBC), 
while those not are non-muscle-invasive bladder cancer 
(NMIBC). At initial diagnosis, approximately 30% are already 
MIBC. In addition, at least 21% high-risk NMIBC may pro-
gress to MIBC.2 Patients with MIBC usually have poor progno-
sis. Even for those without metastasis, the 5-year overall survival 
(OS) rate is only 36% to 48%.2 Novel biomarkers contributing to 
improving MIBC diagnosis and therapy are still in need.

N6-methyladenine (m6A) modification is the most abun-
dant form of posttranscriptional RNA modification in 

eukaryotes, which influences multiple processes of RNA 
metabolism.3 The RNA m6A modification is dynamically and 
reversibly modulated by 3 types of regulators, the m6A meth-
yltransferases that install the modification (“writers”), m6A 
demethylases that remove the modification (“erasers”), and 
m6A RNA-binding protein (“readers”) sites that recognize 
m6A sites and mediate various downstream biological func-
tions.4 In recent years, increasing evidence shows that m6A 
regulators also play key roles in tumorigenesis and progression. 
For example, METTL3, an m6A methyltransferase, is reported 
to promote hepatocellular carcinoma (HCC) tumorigenesis and 
lung metastasis through reducing SOCS2 expression via an 
m6A- and YTHDF2-dependent mechanism.5 ALKBH5, an 
m6A demethylase, could enhance FOXM1 expression by reduc-
ing m6A abundance on target mRNA transcripts and further 
enhanced self-renewal and proliferation of glioblastoma stem 
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tive association with tumor-infiltrating M2 macrophage abundance in MIBC.

Conclusion: Among m6A regulators, we identified that YTHDC1 was downregulated in MIBC and might play an important role in the 
pathological process in MIBC, especially tumor microenvironment regulation.
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cells to promote tumorigenesis.6 Notably, the YT521-B 
homology-domain-containing protein 1 (YTHDC1), a versa-
tile m6A reader7 regulating nuclear RNA splicing, alternative 
polyadenylation, nuclear export, and decay,8-13 also plays differ-
ent roles in the development of many human diseases, such as 
the acute myeloid leukemia (AML),14 non-small cell lung can-
cer,15 renal cell carcinoma,16 glioblastoma,17 pancreatic ductal 
adenocarcinoma,18 and breast cancer.19 However, the involve-
ment of m6A modification dysregulation in MIBC and rele-
vant mechanisms remain largely unelucidated.

In this study, we aimed to explore the role of m6A regulators 
in MIBC pathogenesis. Aberrantly expressed m6A-related 
regulators were screened and clinicopathological relevance was 
assessed, which revealed that YTHDC1 was downregulated in 
tumor and negatively associated with M2 macrophage infiltra-
tion. This study helps to understand the dysregulation of m6A 
modification in MIBC.

Materials and Methods
Ethics

This study was approved by the Ethics Committee of Shanghai 
Tenth People’s Hospital (SHYS-IEC-5.0/22K243/P01) and 
the written informed consent was waived due to the retrospec-
tive nature of the study and the reanalysis of the samples already 
archived in the BioBank of Shanghai Tenth People’s Hospital.

The Cancer Genome Atlas dataset

The RNA-Seq data of 408 tumor tissues and 19 adjacent nor-
mal tissues of patients with MIBC along with the corresponding 
clinicopathological information in The Cancer Genome Atlas 
(TCGA) were obtained from the UCSC Xena platform (https://
xena.ucsc.edu/public).20 The expression data of 32 genes that 
have been identified as m6A regulators (Supplemental Table S1) 
were extracted for analysis. The log2-transformed upper-quar-
tile-normalized fragments per kilobase million were used.

Patients and tissue samples

Tumor and matched adjacent normal tissue samples were col-
lected from patients with MIBC receiving radical cystectomy 
at the Shanghai Tenth People’s Hospital from March 2010 to 
June 2019. Fresh-frozen tissue samples were collected from 23 
patients. For each of the samples, a portion of freshly resected 
tissue was snap-frozen immediately in liquid nitrogen and 
stored at −80°C. Clinical formalin-fixed paraffin-embedded 
(FFPE) tissue samples were collected from an independent 
cohort of 59 patients with MIBC.

RNA extraction and quantitative reverse 
transcription PCR

Total RNA was extracted from the fresh-frozen tissue samples 
with the TRIzol reagent (Invitrogen, Carlsbad, CA) according 

to manufacturer’s instruction and reversely transcribed into 
cDNA with the PrimeScript RT Master Mix (Takara, Kyoto, 
Japan) on a Mastercycler (Eppendorf, Germany). For each 
reverse transcription reaction, 1 μg RNA was used and the con-
ditions were 37°C for 15 minutes, 95°C for 5 seconds, and 4°C 
for 10 minutes. Quantitative polymerase chain reaction (PCR) 
was then performed with 2 μL of the above cDNA products 
and the TB Green Premix Ex Taq II (Takara, Kyoto, Japan) kit 
on an ABI Prism 7500 Sequence Detection System (Applied 
Biosystems, Foster City, CA). The conditions were 50°C for 
2 minutes, 95°C for 30 seconds, 40 cycles of 95°C for 5 seconds, 
50°C for 34 seconds, and 70°C for 30 seconds, and finally 4°C 
for 10 minutes. The primer sequences were 5′-TCAGGA 
GTTCGCCGAGATGTGT-3′ (forward) and 5′-AGGATG 
GTGTGGAGGTTGTTCC-3′ (reverse) for YTHDC1; and 
5′-ACAGTCAGCCGCATCTTCTT-3′ (forward) and 
5′-GACAAGCTTCCCGTTCTCAG-3′ (reverse) for GAPDH. 
Experiments were independently performed in triplicate. A 
mean −ΔCt value was calculated for each sample.

Tissue microarray construction

Tissue microarrays (TMAs) were constructed as previously 
described.21 Briefly, hematoxylin and eosin (HE)-stained sec-
tion from each FFPE block was reviewed by 2 pathologists 
independently to confirm the histopathological diagnosis. 
Cylindrical cores (diameter = 2 mm) extracted from the tissue 
samples were inserted into a recipient paraffin block in a grid 
pattern (6×10 matrix) with a tissue microarrayer (UNITMA 
Quick-Ray, UT-06).22

Immunohistochemistry and scoring

Sections (3-5 μm) were cut from the TMAs and placed on 
polylysine-coated slides. Subsequent deparaffinization and 
staining with the YTHDC1 antibody (1:100; ab122340, 
Abcam, USA) was carried out by Wuhan Servicebio Technology 
Co., Ltd. The immunohistochemistry (IHC) results were 
quantified by 2 pathologists independently from 2 aspects: 
staining intensity score (0 for negative, 1 for weak, 2 for moder-
ate, and 3 for strong staining) and percentage of stained cells (0 
for 0%, 1 for 1%-10%, 2 for 11%-25%, 3 for 26%-50%, 4 for 
51%-75%, and 5 for 76%-100%).21 For each sample, an IHC 
score was calculated as the average of the product of 2 statisti-
cal scores.

Tumor-infiltrating immune cell abundance 
analysis from RNA-seq data

The abundance of 43 tumor-infiltrating immune cells based on 
the RNA-seq data of 408 patients with MIBC from the 
TCGA cohort was estimated by 2 different algorithms 
CIBERSORT and XCELL on the TIMER2.0 platform 
(http://timer.comp-genomics.org/).23

https://xena.ucsc.edu/public
https://xena.ucsc.edu/public
http://timer.comp-genomics.org/
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Heatmap

The heatmaps were generated by the ggplot2 or Complex 
Heatmap package in R as applicable.

Statistical analysis

Statistics was performed by GraphPad Prism 9 (GraphPad 
Software, San Diego, CA, USA). Quantitative data were com-
pared by Wilcoxon signed-rank test and Mann-Whitney test 
as applicable. For the screen of differentially expressed genes, P 
values were adjusted by the Benjamini-Hochberg method. For 
comparison among 3 or more groups, Kruskal-Wallis test fol-
lowed by Dunn’s multiple comparison was used. Categorical 
data were compared by chi-square test or Fisher exact test. The 
Kaplan-Meier curve and log-rank test were used for survival 
analysis. Spearman correlation test was used for correlation 

analysis. A 2-tailed P < .05 was considered statistically 
significant.

Results
YTHDC1 is a downregulated m6A modification 
regulator gene in MIBC in the TCGA cohort

To explore the role of m6A regulators in MIBC, we first ana-
lyzed the expression profile of 32 m6A modification regulator 
genes (Supplemental Table S1) in the RNA-seq data of the 
TCGA MIBC cohort. Compared with normal tissues (n = 19), 
15 genes were found to be differently expressed in tumor tis-
sues (n = 408) (Figure 1A). Among them, the expression of 9 
genes, including 3 m6A RNA methyltransferase genes 
(METTL3, METTL14, and METTL16) and 6 m6A RNA-
binding protein genes (YTHDF1, YTHDF3, YTHDC1, 
IGF2BP1, IGF2BP3, and HNRNPA2B1), also showed 

Figure 1.  YTHDC1 is a downregulated m6A modification regulator gene in muscle-invasive bladder cancer and negatively associated with overall 

survival in The Cancer Genome Atlas cohort. (A) Screen for aberrantly expressed m6A regulator genes. The heatmap on the left indicates comparison 

between all available normal (n = 19) and tumor (n = 408) tissues (Mann-Whitney test), while that on the right indicates comparison between paired normal 

and tumor tissues of 19 patients (Wilcoxon signed-rank test). Adjusted P values are given (Benjamini-Hochberg method). Those <.05 are marked in red 

as well as the corresponding gene names. (B) Comparison of relative YTHDC1 expression between all available tumor and normal tissues (left; Mann-

Whitney test) and between paired normal and tumor tissues (right; Wilcoxon signed-rank test). Medians and interquartile ranges are shown. (C) Overall 

survival comparison between patients with high or low YTHDC1 expression levels that were separated by median (log-rank test).
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significant difference in paired comparison between tumor and 
matched normal tissues available in 19 cases (Figure 1A). 
Further survival analysis revealed that the expression of 
YTHDC1 is negatively associated with OS, consistent with its 
downregulation in MIBC (Supplemental Figure S1 and Figure 
1B). Thus, YTHDC1 was selected for analysis in this study.

Independent validation confirmed YTHDC1 is 
downregulated at both mRNA and protein levels in 
MIBC

We next detected the mRNA and protein levels of YTHDC1 
in clinical samples from patients with MIBC to validate 
whether it is downregulated in MIBC. The expression of 

YTHDC1 quantified by qPCR in fresh-frozen tumor tissues 
(n = 23) was found decreased compared with fresh-frozen nor-
mal tissues (n = 21) (Figure 2A). Consistently, in an independ-
ent cohort of FFPE specimens from 59 patients with MIBC, 
IHC staining of YTHDC1 indicated that the tumor tissues 
had lower IHC scores than normal tissues (Figure 2B and C). 
Those results confirmed that YTHDC1 is downregulated in 
MIBC.

Associations between YTHDC1 expression and 
clinicopathological characteristics

We further explored the clinicopathological significance of 
YTHDC1 in MIBC based on analysis of the TCGA database. 

Figure 2.  Validation in clinical samples confirmed YTHDC1 downregulation in MIBC. (A) Comparison of the relative YTHDC1 expression in 23 fresh-

frozen tumor and 21 adjacent normal tissues from 23 patients with MIBC (Mann-Whitney test). (B) IHC staining scores of YTHDC1 in 52 FFPE tumor 

tissues and 52 adjacent normal tissues from 59 patients with MIBC (Mann-Whitney test). (C) The representative images of the YTHDC1 IHC staining in 

tumor and adjacent normal tissues. Scale bar, 100 μm. Medians and interquartile ranges are shown for (A) and (B). IHC indicates immunohistochemistry; 

MIBC, muscle-invasive bladder cancer.
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We observed that YTHDC1 expression exhibited associations 
with several key clinicopathological characteristics, including 
tumor stage, lymph node status, histological subtype, molecular 
subtype, and certain genetic mutations that are important to 
MIBC (Figure 3A). Low YTHDC1 expression correlated with 
non-papillary histology, high tumor stages (Figure 3B), and 
lymph node-positive status (Figure 3C). YTHDC1 had differ-
ent expression levels across molecular subtypes with low expres-
sion mostly seen in the basal/squamous subtype (Figure 3D). 
But the association with disease-free survival (Supplemental 
Figure S2) or distant metastasis (Supplemental Figure S3) was 
not observed. In addition, YTHDC1 expression shows associa-
tion with TP53, RB1, FGFR3, ERBB2, KMT2A, or combined 
KMT2A and KMT2C mutation, but not with FGFR3 or 

PPARG fusion, FGFR3, PPARG, or ERBB2 amplification, or 
APOBEC mutation load (Figure 3A).

Low YTHDC1 expression correlates to M2 
macrophage infiltration in MIBC

We then sought to explore whether YTHDC1 was associated 
with regulation of tumor microenvironment (TME), as low 
YTHDC1 expression was enriched in the basal/squamous sub-
type that involves extensive immune infiltration and KMT2A/C 
mutations have also been reported as a biomarker for immuno-
therapy.24 We thus conducted tumor-infiltrating immune cell 
abundance analysis covering 43 immune cell types from the 
RNA-seq data and uncovered that M2 macrophage infiltration 

Figure 3.  Association between YTHDC1 expression and clinical and pathological characteristics in muscle-invasive bladder cancer based on The 

Cancer Genome Atlas cohort. (A) A heatmap showing the YTHDC1 expression and analyzed clinical and pathological characteristics of 408 patients. P 

values are shown by the right of the heatmap and those <0.05 are marked in red (Chi-square test or Fisher exact test). (B) YTHDC1 expression compared 

by tumor stages (Kruskal-Wallis test followed by Dunn’s multiple comparisons test). (C) YTHDC1 expression compared by lymph node status (Mann-

Whitney test). (D) YTHDC1 compared by molecular subtypes (Kruskal-Wallis test followed by Dunn’s multiple comparisons test). For (B-D), medians and 

interquartile ranges are shown.
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was negatively correlated with YTHDC1 expression in MIBC, 
which were consistently supported by 2 different algorithms 
CIBERSORT and XCELL (Figure 4A and B). Indeed, 

YTHDC1 expression showed negative association with the 
expression of M2 macrophage marker genes CD163, VSIG4, 
and MS4A4A25 as well as its cytokine genes IL10 and CCL18 

Figure 4.  Negative correlation between YTHDC1 expression and the infiltrating levels of M2 macrophage. (A) Correlation analysis between YTHDC1 

expression and the infiltrating level of 43 immune cell types calculated with CIBERSORT and XCELL algorithms (Spearman correlation test). (B) YTHDC1 

expression was consistently and significantly negatively correlated with the infiltrating levels of M2 macrophage as indicated by 2 algorithms. (C) YTHDC1 

expression was negatively correlated with M2 macrophage marker genes (Spearman correlation test). (D) YTHDC1 expression was negatively correlated 

with M2 macrophage-associated cytokines (Spearman correlation test). (E) The infiltrating levels of M2 macrophage based on the 2 algorithms were 

consistently and significantly correlated with high pathologic tumor stages (left; Kruskal-Wallis test followed by Dunn’s multiple comparisons test, right; 

Mann-Whitney test).
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(Figure 4C), with rho values higher than those of the markers 
of other types of immune cells (Supplemental Table S2). In 
addition, high M2 macrophage infiltration also correlated with 
high tumor stages in MIBC (Figure 4D).

Discussion
This study screened for m6A regulators that may be involved 
in MIBC and identified that YTHDC1 is downregulated in 
tumors. It is associated with multiple important clinicopatho-
logical features and likely plays a role in TME modulation.

The m6A RNA-binding proteins interpret m6A modifica-
tion by recognizing m6A sites and mediating various down-
stream biological functions. YTHDCl is an important m6A 
RNA-binding protein that has been reported to involve in dif-
ferent types of cancers via diverse mechanisms. We found that 
YTHDC1 was downregulated in MIBC compared with adja-
cent normal tissues. Further comprehensive analysis showed 
that YTHDC1 expression had a significant association with 
molecular subtypes. While MIBC has been classified into 5 
molecular subtypes with different genetic mutational signa-
tures, clinical characteristics, prognostic features and potential 
therapeutic strategies, low YTHDC1 expression mainly 
enriched in basal/squamous subtype, suggesting that YTHDC1 
may be a potential marker of this subtype. Meanwhile, as the 
basal/squamous subtype is closely related to tumor immune 
infiltration and informs potential benefit of immunotherapy, 
we speculated whether YTHDC1 could be a TME modulator. 
Previous studies have reported that in non-small-cell lung can-
cer, YTHDC1 regulates m6A-mediated circIGF2BP3 back-
splicing, which contributes to CD8+ T-cell infiltration.15,26 
Here, we found that YTHDC1 level negatively correlated with 
M2 macrophage infiltration in MIBC. In most cancers, the 
presence of M2 macrophages tends to be a negative prognostic 
indicator, promoting tumor progression and suppressing anti-
tumor immune response.27,28 It has been reported that M2 
macrophages were the highest proportion of tumor-infiltrating 
immune cells in bladder cancer, and high M2 macrophage 
infiltration also correlated with unfavorable prognosis, high 
histologic grade, high tumor stage, and “basal” subtype,29 in 
agreement with the YTHDC1-related clinicopathological fea-
tures observed here. Most macrophages in TME are circulating 
monocytes recruited by chemotaxis signaling and then polar-
ized into M1 macrophages or M2 macrophages under certain 
conditions.30 Consistently, the YTHDC1 expression was also 
negatively correlated with the expression of chemokine (CCL2, 
CCL5, C5AR1, and CSF-1) and polarization-related genes 
(CEBPB) (Supplemental Table S3). Therefore, it is likely that 
the m6A RNA metabolic process involving YTHDC1 could 
regulate chemokine and polarized cytokine levels, thereby 
modulating the infiltration of immunosuppressed M2 mac-
rophages. However, further in-depth investigations are needed 
to clarify the underlying molecular mechanism. Based on the 

findings of this study, YTHDC1 may have a potential to serve 
as a diagnostic and prognostic biomarker, particularly to indi-
cate molecular features and M2 macrophage infiltration, as 
well as a target to facilitate immunotherapy in MIBC.

This study has limitations. The sample size of our cohort is 
still small. Studies with large sample size should be conducted 
to further validate the results generated based on the TCGA 
cohort. In-depth experimental investigations are also needed to 
decipher the molecular mechanisms underlying MIBC patho-
genesis driven by YTHDC1.

Conclusion
Among m6A regulators, we identified that YTHDC1 was 
downregulated in MIBC and might play an important role in 
the pathological process in MIBC, especially TME regulation.
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