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Abstract
Background: Although thousands of alternative splicing related single nucleotide polymorphisms (AS-SNPs)
have been uncovered in human tumors, the potential function of AS-SNPs involved in bladder cancer is rarely
reported. Here we identi�ed bladder cancer risk-associated AS-SNPs and revealed its underlying causal
mechanism in bladder carcinogenesis.

Methods: Variants with annotation of “splice-3” or “splice-5” were extracted as AS-SNPs through the database of
Single Nucleotide Polymorphism (dbSNP). Two-stage case-control studies comprising 1,630 cases and 2,504
controls were conducted to assess the association between the AS-SNPs and bladder cancer risk. A series of
experiments including luciferase reporter assays, RNA immunoprecipitation, and malignant phenotype were
performed to comprehensively investigate the genetic and epigenetic biological effects of AS-SNPs in the
development of bladder cancer.

Results: We identi�ed the potential causal variant rs558814 A>G located in intron of lncRNA BCLET (Bladder
Cancer Low-Expressed Transcript) was signi�cantly associated with a reduced risk of bladder cancer [odds ratio
(OR) = 0.84, 95% con�dence interval (CI) = 0.76 to 0.92, P = 3.26 × 10−4]. The SNP rs558814 exerted
transcriptional activity regulatory effect and thus facilitated the expression of BCLET transcripts including
BCLET-long and BCLET-short. In addition, both BCLET transcripts overexpression remarkably inhibited in vitro
and in vivo bladder cancer phenotypes including cell proliferation, clone formation, invasion, migration and
apoptosis. Mechanistically, lncRNA BCLET bound to MSANTD2 mRNA, masked splicing site of MSANTD2 mRNA,
and thereby facilitated the expression of MSANTD2-004 transcript, which lacks the �rst exon and remarkably
inhibited the progression of bladder cancer.

Conclusions: Our �ndings not only revealed the important role of AS related genetic variants rs558814 and its
associated gene BCLET in bladder cancer progression, but also provided the perspective to understand the
etiology and pathology of cancers from the alternative splicing regulation mechanism.

Background
With about 549,000 new cases and 200,000 deaths estimated globally, and incidence rates around 4 times
higher among men than among women, bladder cancer is the tenth most common malignancy worldwide(1). In
China, bladder cancer is responsible for over 62,000 new cases annually, ranking in sixth place for incidence(2).
Cigarette smoking and occupational exposures are the main risk factors for bladder cancer, with almost 50% of
new cases attributed to smoking in both sexes(3–5). Prospective twin studies also observed that genetic factors
contribute to 30% to the risk of bladder cancer development(6). Previous genome-wide association studies
(GWASs) have discovered numerous single nucleotide polymorphisms (SNPs) associated with bladder cancer
risk(7, 8). Identifying the underlying molecular mechanism of these risk SNPs has provided new opportunities to
interpret the etiology of bladder cancer tumorigenesis(9, 10).

Removal of introns is a crucial step in the process of pre-mRNA splicing that joins exons together to generate
mature mRNA products(11). Alternative splicing (AS) is a ubiquitous post-transcriptional regulatory mechanism
of eukaryotic gene expression, which allows production of multiple mRNA species with distinct activities from a
single gene(12).Genome wide high-throughput sequencing have estimated that approximately 95% multiexon
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genes undergo AS events in the human transcriptome(13). Studies have shown that these are only
approximately 20,000 protein coding genes in human genome, and the number of unique mRNA isoforms
generated from genes may exceed ten times(14). AS of pre-mRNAs can dramatically increase transcriptome and
proteome diversity through forms that include cassette exon skipping, alternative 5' and 3' splice sites, intron
retention, mutually exclusive exons, and more complex alternative splicing patterns(13, 15). These splicing
mRNA isoforms may have distinct regulatory properties such as mRNA stability, localization, translational
e�ciency, and can generate different protein isoforms with diverse structures and functions(16, 17).

Studies have found that AS regulates gene expression in a cell-type- speci�c and developmental-stage-speci�c
manner and is essential for normal biological processes(18). In addition, aberrant AS events of mRNAs also play
an important role in the occurrence and development of many diseases including cancers(19). Whole-genome
study has found SNPs in mRNA splicing sequence of the human genome could affect RNA splicing and
contributes to many diseases(20). In a recent study of prostate cancer, risk SNP rs11672691 mediated the
expression of different lncRNA PCAT19 splicing isoforms through the mechanism of promoter-to-enhancer
switching(21). Clearly, alternative splicing related SNPs (AS-SNPs) can provide new insight into the mechanisms
of tumorigenesis.

To date, there are few known mechanisms underlying the function of AS-SNPs in cancers including bladder
cancer. In this study, we systematically screened AS-SNPs in the database of Single Nucleotide Polymorphism
(dbSNP), evaluated the effects of AS-SNPs on bladder cancer risk in the Chinese population, and explored the
genetic and epigenetic biological effects of AS-SNPs in bladder tumorigenesis.

Results

Study overview
As shown in Figure 1A, AS-SNPs with annotation information of “splice-3” or “splice-5” were screened from
dbSNP database, and previous Illumina chips were used for the genotyping of AS-SNPs in bladder cancer cases
and healthy controls. Besides, the effect of AS-SNPs on bladder cancer risk were calculated to identify risk SNPs,
and the association was further validated in another independent population. Finally, molecular experiments
were conducted to explore the biological function of risk SNPs involved in bladder cancer. 

Identi�cation of bladder cancer risk associated AS-SNPs
A total of 10,810 AS-SNPs were extracted from dbSNP database (Figure S1). After genotyping using Illumina
chips, 1,518 AS-SNPs were remained (Figure S2). We conducted strict quality control for SNPs including a call
rate > 95%, minor allele frequency (MAF) > 0.05, and P > 0.05 for Hardy-Weinberg Equilibrium (HWE). Eventually,
a total of 580 bladder cancer cases and 1,101 controls with 206 AS-SNPs were retained for further analysis
(Table S1). Among them, there were 9 AS-SNPs passing a P value threshold of 0.05 (Figure 1B and Table S2).
According to bioinformatics tools, we further predicted and scored the function of AS-SNPs, which showed that
rs558814 with the highest functional score and strongest effect was served as a candidate SNP for further
investigation [odds ratio (OR) = 0.78, 95% con�dence interval (CI) = 0.67-0.91, P = 1.91×10-3] (Figure 1C and
Figure 1D).
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SNP rs558814 was subsequently genotyped in validation study including 1,050 bladder cancer cases and 1,403
controls, and characteristics of subjects have been previous reported(22) (Table S3). The results showed that the
SNP rs558814 A>G was associated with the decreased bladder cancer risk with P value of 0.033 in the additive
model (OR = 0.88, 95% CI = 0.78-0.99) and 0.037 in the dominant model (OR = 0.84, 95% CI = 0.72-0.99; Table
S4). The strati�ed analysis results showed that the protective effect was also observed in subgroup of age > 65
(OR = 0.78, 95% CI = 0.62-0.97, P = 0.027), males (OR = 0.77, 95% CI = 0.65-0.93, P = 0.005), and muscle invasive
bladder cancer (OR = 0.73, 95% CI = 0.58-0.92, P = 0.008) (Table S5-6 and Figure S3). The combined analysis
showed that SNP rs558814 displayed protective effect of the G allele on bladder cancer risk (OR = 0.84, 95% CI =
0.76-0.92, P = 3.26×10-4) with no heterogeneity (I2 = 21.5%, Phet = 0.259) (Table 1).

Table 1

 Association of rs558814 with bladder cancer risk 

Stages Cases

/Controls

Genotypes (AA/AG/GG) MAF

(Cases/Controls)

OR
(95%CI)

P a

Cases Controls

Discovery 580/1,101 292/202/52 476/451/135 0.28/0.34 0.78(0.67-
0.91)

1.91×10-3

Validation 1,050/1,403 502/436/102 617/625/159 0.31/0.34 0.88(0.78-
0.99)

3.29×10-2

Combined 1,630/2,504 794/638/154 1093/1076/294 0.30/0.33 0.84(0.76-
0.92)

3.26×10-4

SNP, single nucleotide polymorphism; MAF, minor allele frequency; OR, odds ratio; CI, con�dence interval.

aP values were calculated from logistic regression analysis adjusted for age and sex.

Effect of rs558814 on mediating lncRNA BCLET expression in
bladder cancer
According to the Ensembl (GRCh37 version), rs558814 is located on the intron of the ENSG00000245498 (RP11-
677M14.7), which is annotated as MSANTD2 (Myb/SANT-like DNA-binding domain containing 2) antisense RNA
and generally categorized as an ncRNA. For transcripts, the coding probability prediction revealed extremely low
coding predicted values from Coding Potential Assessing Tool (CPAT) (probabilities of 0.0073 for
ENST00000499143 and 0.0026 for and ENST00000529392; Figure 2A). The public and in-house dataset
showed that the expression of RP11-677M14.7 was signi�cantly lower in bladder cancer tissues than in normal
tissues (Figure 2B-C), so we named this novel long ncRNA (lncRNA) as BCLET (Bladder Cancer Low-Expressed
Transcript), and there were two transcripts as BCLET-long and BCLET-short, respectively. According to The
Genotype-Tissue Expression (GTEx) database, the expression level of BCLET-long was more abundant than that
of BCLET-short in bladder tissue (Figure 2D). In addition, the differential expression pattern of BCLET was also
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found in bladder cell lines (Figure 2E). As detected by quantitative analyses, the distribution of BCLET in the
nucleus accounted for more than 90% (Figure 2F).

We further explored the expression quantitative trait loci (eQTL) effect of the SNP rs558814 to BCLET transcripts
expression in bladder cancer. We found that with the increase of rs558814 G allele, the expression of BCLET
increased signi�cantly in The Cancer Genome Atlas (TCGA) bladder cancer tissues and in-house bladder
adjacent tissues (Figure 2G). This effect was also detected in the two transcripts of BCLET, but there was no
signi�cant statistical difference in the BCLET-long transcript (Figure 2H-II-J). In addition, the luciferase reporter
experiment further revealed that compared with the A risk allele, the G allele showed a signi�cant increase in
transcriptional activity (Figure 2K). These results suggested that rs558814 may participate in bladder cancer by
affecting the expression of BCLET through transcriptional activity regulation mechanism (Figure 2L).

Biological function of lncRNA BCLET in bladder cancer cellular
phenotypes
We further explored the biological effect of BCLET transcripts on bladder cancer cell phenotypes. Overexpression
of BCLET-long or BCLET-short signi�cantly suppressed the abilities of proliferation, clone formation, invasion,
and migration of bladder cancer cells (Figure S4 and Figure 3A-D). Besides, BCLET transcripts overexpression
remarkably increased the proportion of cell apoptosis (Figure 3E). These results indicated the potential of BCLET
to serve as tumor suppressor gene involved in bladder cancer risk.

Effect of rs558814 on regulating AS of MSANTD2 in bladder
cancer
We further explored the potential mechanism of rs558814 involved in AS events. According to the
CancerSplicingQTL database, rs558814 had splicing quantitative trait loci (sQTL) effect and was signi�cantly
related to the splicing of exon 1 and exon 2 for MSANTD2, which is located at the 5'end of BCLET and has 6
transcripts (Figure 4A-B). According to GTEx database, among MSANTD2 transcripts, MSANTD2-004 was found
to have the highest expression level and lacked exon 1 (Figure 4C). Considering that rs558814 may have a
splicing regulation effect on the �rst exon of MSANTD2, and the expression level of other transcripts except
MSANTD2-004 was relatively low, we further focused on the splicing regulation of rs558814 on MSANTD2-004.
The eQTL analysis indicated that with the increase of the G allele, the expression of MSANTD2-004 in bladder
adjacent tissues had a increasing trend with no statistical difference (Figure 4D). The ratio of the expression of
MSANTD2-004 to the total expression of MSANTD2 was used to assess the splicing ratio of MSANTD2-004
transcripts. We found that compare with the A allele, the G allele of SNP rs558814showed a higher splicing ratio
for MSANTD2-004 (P = 0.004; Figure 4E). These results indicated that rs558814 may be involved in the splicing
regulation of MSANTD2 in bladder cancer.

LncRNA BCLET mediating AS of MSANTD2 in bladder cancer
Studies have shown that antisense RNA located in the nucleus can bind to its corresponding sense RNA to
participate in the splicing regulation of sense RNA. Therefore, we speculated whether rs558814 mediated the
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splicing of MSANTD2 through in�uencing the expression of lncRNA BCLET. Co-expression analysis showed that
BCLET and MSANTD2-004 showed a signi�cant positive correlation (r = 0.828 for bladder cancer tissues and
0.783 for bladder normal tissues, respectively, P < 0.0001; Figure 4F). Besides, the novel positive correlation was
also found between the expression of BCLET and the splicing ratio of MSANTD2-004 (r =0.849 for bladder
cancer tissues and 0.761 for bladder normal tissues, respectively, P < 0.0001; Figure 4G).

We further veri�ed the splicing regulation effect of BCLET on MSANTD2-004 in bladder cancer cells (Figure 4H-I).
The results showed that the overexpression of BCLET-long or BCLET-short signi�cantly increased the expression
level and splicing ratio of MSANTD2-004, and low expression of MSANTD2-004 and splicing ratio can be
observed with decreasing the expression of BCLET. We proposed a speculation that the BCLET would bind the
�rst exon of MSANTD2 mRNA to regulate the splicing of MSANTD2 mRNA. RIP experiments were conducted to
investigate the relationship between BCLET and MSANTD2 mRNA (Figure 4J). Compared with the negative
control, MSANTD2 enriched by GFP antibody signi�cantly increased , suggesting a binding between lncRNA
BCLET and MSANTD2 mRNA (Figure 4K). These results suggested that as the antisense RNA of MSANTD2,
lncRNA BCLET may bind to MSANTD2 mRNA to promote the expression of MSANTD2-004 (Figure 4L).

Effect of MSANTD2 in bladder cancer cell malignant
phenotypes
We further explored the biological function of the splicing isoform MSANTD2-004 in bladder cancer. After
overexpression of MSANTD2-004, cell proliferation, plate cloning, invasion and migration were inhibited, and the
proportion of apoptotic cells increased (Figure S5 and Figure 5A-E). In addition, the abnormally low expression of
MSANTD2 was closely related to the poor prognosis of patients with bladder cancer (Figure S6). Taken together,
the above results suggested that MSANTD2-004 may play a tumor suppressor gene like role in bladder cancer.

Effect of BCLET overexpression on tumor in vivo
To further investigate the role of BCLET overexpression in bladder cancer in vivo, T24 cells was stably
transfected with NC/BCLET-long/BCLET-short lentiviral vector. As shown in Figure 6A-D, stable overexpression of
BCLET-long/BCLET-short signi�cantly suppressed the abilities of proliferation, clone formation, invasion, and
migration in T24 cell. We injected T24 cells carrying NC/BCLET-long/BCLET-short lentiviral vector into nude
mice. In line with in vitro cell phenotype, BCLET-long/BCLET-short overexpression dramatically decreased the
mean tumor weight and average tumor volume (Figure 6E-H). As the presented in Figure 6I, the tumor tissues
injected with BCLET-long/BCLET-short lentiviral vector showed signi�cantly reduced expression of proliferation
marker Ki67 and notably increased expression of MSANTD2.

Discussion
GWAS has become a powerful tool to explore the etiology of complex diseases, and a large number of genetic
variants for bladder cancer have been discovered(8). However, GWAS-identi�ed loci can only explain the part
etiology of bladder cancer risk, and the functional studies of these loci in carcinogenesis are relatively
scarce(23). Emerging evidence has demonstrated the splicing regulatory effects of genetic variants to mediate
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gene expression, which provides novel perspective for functional SNPs and biological mechanisms(24). In this
study, two-stage case-control studies showed that the SNP rs558814 affected the expression of lncRNA BCLET
through transcriptional activity regulation, altered the splicing pattern of MSANTD2 mRNA, and thus mediated
expression of MSANTD2-004 and involved in bladder carcinogenesis.

AS is a key mechanism for cell development, differentiation and function regulation, which can make a precursor
RNA produce multiple mRNA splicing isoforms(25). Abnormal changes in AS events of tumor key genes can
affect gene expression and lead to tumorigenesis(19). Emerging evidence has con�rmed that multiple splicing
isoforms produced by AS events may have different or even opposite biological effects (18, 19). For modulation
of apoptosis, AS of the BCL-X gene produces pro-apoptotic BCL-XS splice variant and anti-apoptotic BCL-XL
variant, which balance cell apoptosis pattern in several disease development and tumorigenesis(26).

It was reported that AS-SNPs are potentially pathogenic variants that may participate in the occurrence and
development of diseases, and functional annotation have also found that risk SNPs are signi�cantly enriched in
AS sites and splicing factor gene coding regions(24). Using genotype data and corresponding AS values from
TCGA, thousands of sQTLs across multiple cancer types were identi�ed, which further provide understanding for
the modulation by genetic variants to AS events(27). In our study, eQTL analysis and dual luciferase reporter
gene experiments showed that rs558814 can enhance the transcriptional activity of lncRNA BCLET to promote
its expression. Subsequently, the splicing ratio and expression level of MSANTD2-004 in the normal tissues
adjacent to bladder cancer in patients with rs558814 AG/GG alleles were signi�cantly higher than those with AA
alleles.

LncRNA BCLET is the antisense RNA of MSANTD2, which is also known as C11orf61 and signi�cantly enriched
in autism-related postzygotic mutations (PZMs) in whole-exome sequences(28). After overexpression of
MSANTD2 or lncRNA BCLET, we found that the malignant phenotype of bladder cancer cells was suppressed
and tumor growth was inhibited in vivo, suggesting that MSANTD2 and lncRNA BCLET may play tumor
suppressor gene role in bladder cancer.

Studies have reported that AS events is usually regulated by cis-acting elements and trans-acting factors.
LncRNAs may regulate the splicing of target genes by binding to enhancing splicing factor to promote inclusion
of exon, and interaction with silencing splicing factor to promote exon skipping(29). Besides, the antisense RNA
located in the nucleus may bind to its corresponding sense RNA, which can mask the splicing site of the coding
gene, thereby changing the balance between splicing isoforms(30). For instance, RevErbAα, the antisense RNA of
thyroid hormone receptor α (TRα), can bind to the mRNA of TRα1 and TRα2 to modulate the splicing process of
TRα(31). In addition, it was demonstrated that antisense RNA lncRNA UXT-AS could mediate colorectal cancer
progression by reduced the UXT1 transcript which could increase cell apoptosis and upregulated the UXT2
transcript which enhanced cell proliferation(32).

In this study, we found that the expression of lncRNA BCLET and splicing ratio of MSANTD2 were signi�cantly
positively correlated. After overexpression or interfering with BCLET in cells, the expression and splicing ratio of
MSANTD2 changed accordingly, which further con�rmed the splicing effect of lncRNA BCLET on MSANTD2. The
RIP experiment in this study suggested that lncRNA BCLET may bind to MSANTD2 and conceal the splicing site
of MSANTD2, thereby regulating the splicing and expression of MSANTD2. However, lncRNA BCLET may also
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interact with splicing factors to regulate the splicing of MSANTD2, but the mechanism needs to be further
explored.

In summary, in this study, we demonstrated that rs558814 was a novel bladder cancer susceptibility locus which
modulated the AS events of MSANTD2 and promoted MSANTD2-004 expression through altering the
transcriptional activity and increasing expression level of lncRNA BCLET. Besides, lncRNA BCLET was involved
in tumorigenesis by suppressing malignant phenotype of bladder cancer. This study provides important insight
into the function of genetic susceptibility to bladder cancer and establishes the basis for elucidating the etiology
and biological mechanism of bladder cancer.

Materials And Methods

Study subjects
The genotyping data of 580 bladder cancer cases and 1,101 controls were used in the discovery stage(33). In the
validation study, we enrolled 1,050 cases and 1,403 controls(22). All cases were pathologically diagnosed as
patients with bladder cancer and had not received radiotherapy or chemotherapy. The controls were from those
undergoing a health check-up in the same geographical region and matched with the age (±5 years) and gender
frequency of the cases. All subjects in this study signed an informed consent form, and the study was approved
by the Ethics Committee of Nanjing Medical University. The details for subject recruitment were provided in the
Supplementary Materials and Methods and the demographic characteristics of all subjects were demonstrated
in Table S1 and Table S2.

Selection of AS-SNPs
The dbSNP database was downloaded to obtain the location and functional annotations of all SNPs on the
genome and a total of 108,049 SNPs with annotation information of “splice-3” or “splice-5” were extracted. Of
these SNPs, 1,518 SNPs were genotyped or imputed in our Illumina chips. Only variants with the following
quality control conditions were retained: MAF > 0.05, call rate of genotypes > 95%, and P > 0.05 for HWE.
Eventually, a total of 206 variants were enrolled for further analysis.

Screening and functional prediction for candidate AS-SNPs and
genes
The functional scores for candidate AS-SNPs were calculated through RegulomeDB, HaploReg v4, SNPinfo Web
Server and CancerSpliceQTL. Regulatory scores for candidate SNPs were provided for candidate AS-SNPs,
including the items of histone modi�cation, transcription factor binding, eQTL and sQTL. The details for function
prediction were demonstrated in Supplementary Materials and Methods.

The genomic sequences and location of gene transcripts were obtained from Ensembl genome. GTEx project
was used to study the expression levels of different gene transcripts in bladder tissue. The protein coding ability
of lncRNA was evaluated through CPAT. Another dataset with 384 bladder cancer tissues and 19 normal tissues
from TCGA allowed us to analyze the eQTL effect of candidate SNPs as well as the expression difference of
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genes in bladder cancer tissues and adjacent tissues. Kaplan-Meier survival analysis with log-rank P value and
hazard ratio (HR) based on MSANTD2 expression was obtained using Kaplan-Meier Plotter. Uniform Resource
Locators (URLs) of online bioinformatics database were described in Supplementary Materials and Methods.

RNA immunoprecipitation (RIP)
RIP assays were performed using Magna RIP kit (Millipore) according to the manufacturer's recommendations.
After co-transfection of pcDNA3.1-BCLET-long or pcDNA3.1-BCLET-short and pMS2-GFP into bladder cancer cell
for 24h, the cells were collected and the RIP lysis buffer was added. The magnetic beads pre-coated with the
target antibody GFP (Roche) or negative control antibody IgG were added to each samples, and the RNA was
puri�ed in the immune complexes. For the expression of MSANTD2 bound by IgG antibody or GFP antibody,
qPCR was used and the input was as a self-control.

Animal models
A total of 1 × 107 T24 cells in 0.1 ml of PBS were stably transfected with BCLET-long/BCLET-short/NC lentiviral
vector and then subcutaneously injected into the right �ank of male nude mice (5 weeks old, six mice per group).
Tumor growth was measured frequently. After four weeks, the mice were sacri�ced and tumor size and weight
were examined. Hematoxylin and eosin (H&E) staining of tumors was used to select representative areas and
immunohistochemical (IHC) staining was utilized to observe the expression of the proliferation marker Ki67
(Anti-Ki67, ab15580, Abcam) and MSANTD2. The animal studies were approved by the Institutional Animal Care
and Use Committee of Nanjing Medical University.

Statistical analysis
The Goodness-of-�t χ2 test was used to analyze whether the distribution of SNP genotypes in the control
population meets HWE. Student’s t test and χ2 test were performed to compare the distribution of demographic
characteristics in cases and controls. Multivariate logistic regression was conducted after adjustment for
potential covariates including age and gender, and OR and 95% CI were calculated to determine the association
between AS-SNPs and bladder cancer risk. The two-stage population was combined using Meta-analysis to
merge the effects of rs558814, with Cochran’s Q test and statistical I2 to assess heterogeneity between groups.

Student’s t-test and paired t-test were performed to detect the difference between two groups and paired
continuous variables, respectively, and the analysis of variance (ANOVA) was used to determine the difference
between multiple groups of continuous variables. Pearson correlation analysis was conducted to evaluate the
correlation between the two continuous variables. This study uses PLINK 1.9 and SAS 9.2 statistical software for
general statistical analysis. All tests were two-sided tests, and P < 0.05 was considered as statistically
signi�cant.

Abbreviations
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GWAS: genome-wide association study; SNP: single nucleotide polymorphism; AS: Alternative splicing; AS-SNPs:
alternative splicing related SNPs; dbSNP: the database of Single Nucleotide Polymorphism; MAF: minor allele
frequency; HWE: Hardy-Weinberg Equilibrium; eQTL: expression quantitative trait loci; sQTL: splicing quantitative
trait loci; GTEx: Genotype-Tissue Expression; CPAT: Coding Potential Assessing Tool; TCGA: The Cancer Genome
Atlas; HR: hazard ratio; URLs: Uniform Resource Locators; RIP: RNA immunoprecipitation; IHC:
immunohistochemical; OR: odds ratio; CI: con�dence interval; ANOVA: analysis of variance; MSANTD2:
Myb/SANT-like DNA-binding domain containing 2; BCLET: Bladder Cancer Low-Expressed Transcript; qPCR:
Quantitative RT-PCR.
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Figure 1

The process for SNPs selection. (A) The �owchart of SNPs screen for this study. (B) Circle Manhattan map of 9
AS-SNPs. The -log10 P values of SNPs in discovery stage according to their chromosomal positions. The red
dotted circle indicated the value P < 0.05. (C) Functional annotation with scores from RegulomeDB HaploReg,
CancerSpliceQTL and SNPinfo for 9 candidate AS-SNPs. (D) SNP rs558814 at 11q24.2 is located on the intron
of gene ENSG00000245498 (RP11-677M14.7).
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Figure 2

SNP rs558814 modulate the expression of lncRNA BCLET through transcriptional regulatory mechanism. (A)
The prediction of protein coding ability for BCLET-long and BCLET-short by CPAT online tool. (B-C) The
expression of BCLET in 51 paired bladder cancer and adjacent normal tissues (B) and TCGA data (C). (D) The
expression of BCLET in bladder epithelial cell SV-HUC-1 and bladder cancer cells EJ, J82, and T24. (E) The
nuclear and cytoplasmic localization of BCLET in bladder cancer cells. (F) Schematic diagram of BCLET
transcript and its expression in bladder tissue from GTEx database. (G) The association between rs558814
genotypes and the expression of BCLET in TCGA bladder cancer database. (H-J) The association between
rs558814 genotypes and the expression of total BCLET (H), BCLET-long (I) and BCLET -short (J) in 24 bladder
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adjacent tissues. (K) The effect of rs558814 on the transcription activity of BCLET by luciferase reporter assays.
(L) A schematic depicting that rs558814 A>G was related to decreased bladder risk through promoting the
expression of lncRNA BCLET.

Figure 3

The effect of lncRNA BCLET on cellular phenotypes. (A-B) The effect of BCLET on cell viability was detected by
CCK8 assay (A) and colony formation assays (B). (C-D) The effect of BCLET on migration (C) and invasion (D)
in bladder cancer cell. (E) The effect of BCLET on cell apoptosis was assessed by �ow cytometry.



Page 17/20

Figure 4

LncRNA BCLET regulated the expression level of MSANTD2 through alternative splicing mechanism. (A) The
effect of SNP rs558814 on MSANTD2 splicing based on CancerSplicingQTL database. (B) The diagram of
MSANTD2 transcript and location from Ensembl database. (C) The diagram and expression of MSANTD2
transcripts in bladder tissue based on GTEx database. (D) The association between rs558814 genotypes and the
expression of MSANTD2-004. (E) The effect of rs558814 on MSANTD2-004 splicing ratio in bladder adjacent
tissues. The ratio of MSANTD2-004 expression to the total expression of MSANTD2 was used to express the
splicing ratio of MSANTD2-004 transcript, and the values were converted by log2. (F) The co-expression analysis
of BCLET and MSANTD2-004 in bladder cancer tissues (left) and bladder adjacent tissues (right). (G) Correlation
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analysis between BCLET expression level and MSANTD2-004 splicing ratio in bladder cancer tissues (left) and
bladder adjacent tissues (right). The values were converted by log2. (H) The expression level of MSANTD2-004
in bladder cancer cells transfection with BCLET overexpression vector (left) and lncRNA Smart Silencer (right). (I)
The splicing ratio of MSANTD2-004 in bladder cancer cells transfection with BCLET overexpression vector (left)
and lncRNA Smart Silencer (right). (J) Schematic diagram of RIP experiment. (K) RIP experiment was used to
investigate the relationship of BCLET and MSANTD2 in bladder cancer cells. (L) A graphic illustration indicating
BCLET binding to MSANTD2 mRNA to mediate the expression of MSANTD2-004.

Figure 5

The effect of MSANTD2 on malignant phenotype in bladder cancer cells. (A-B) The effect of MSANTD2-004 on
the proliferation of bladder cancer cells by CCK8 assay (A) and cell clone formation (B). (C-D) Transwell assays
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were performed to detect the effect of MSANTD2-004 on the cell migration (C) and invasion ability (D). (E) Flow
cytometry was used to detect the effect of MSANTD2-004 on bladder cancer cell apoptosis.

Figure 6

The effect of BCLET stable overexpression on tumors in mouse models. BCLET-long/BCLET-short/NC lentiviral
vector, namely LV-BCLET-long, LV-BCLET-short and LV-NC, were stably transfected into T24 cells. (A) E�ciency of
stable overexpression of BCLET-long and BCLET-short transcripts, as detected using qRT-PCR.(B-D) Effects of
stable BCLET-long and BCLET-short overexpression on bladder cancer cell proliferation (B), colony-forming
assays (C), and invasion and migration (D).(E-F) Tumor burdens inoculated with LV-BCLET-long/LV-BCLET-short
and LV-NC examined in nude mice (E) and their xenografts (F). (G) The tumor volumes were measured frequently
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after injection. (H) The tumor weights in nude mice were determined after four weeks. (I) Representative images
of HE and IHC staining for Ki67 and MSANTD2 in tumors (scale bars = 50 µm).  
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