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Abstract: Epigenetic modifications via DNA methylation and long non-coding RNAs (IncRNAs) have been identified
in bladder cancer (BC). However, DNA methylation of IncRNAs involved in BC has not been elucidated. Here, DNA
immunoprecipitation-sequencing (MeDIP-seq) and RNA-sequencing (RNA-seq) were carried out using eight paired
tumor and adjacent normal tissue samples from patients with BC. Differences in methylation patterns between tu-
mors and controls were compared and the percentage of differentially methylated genes, including INcRNA genes,
was calculated. RNA-seq data were subjected to gene ontology (GO), Kyoto encyclopedia of genes, and genomes
(KEGG) analysis. The association between DNA methylation modification and INcCRNA expression was determined by
pairwise analysis of MeDIP-seq and RNA-seq data. The most enriched motifs in the promoter region, as well as the
methylated density in the 3 kb region surrounding super-enhancers of IncRNA genes, were analyzed. A peak of 5mC
methylation in the region 2 kb upstream of the transcription start site (TSS), with the lowest point in the TSS region,
was observed. In total, 436 and 239 genes were identified to be hyper and hypomethylated, respectively, in BC tis-
sue around the TSS region. RNA-seq revealed differentially expressed IncRNAs between tumor and normal tissues,
many of which were cancer-associated IncRNAs based on GO and KEGG pathway analysis. Combined MeDIP-seq
and RNA-seq analysis revealed that expression of 26 IncRNAs were candidates of 5mC controlled genes. The pos-
sible link between 5mC modification and differential IncRNAs may relate to enrichment of 5mC reads in the region
surrounding super-enhancers of INcCRNA. Survival analysis indicated that the methylated IncRNA, LINCO0574, was
associated with shorter overall survival time in patients with BC (HR = 1.7, p-value = 0.035). Taken together, these
findings indicate that IncRNAs genes are under control of DNA methylation. Methylated IncRNA genes, which are
transcripted to LINCOO574, may serve as biomarkers for BC prognosis.
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Introduction increased rapidly over the five-year period
2003-2008, with a higher increase in women
than men [4]. Despite surgery, dissection, and
various adjuvant treatments for BC, the five-

year survival rate remains low (60%) and there

Bladder cancer (BC) is one of the most common
cancers of the urinary system. Risk factors for
BC are known to include tobacco use, Schisto-

soma haematobium infection, industrial expo-
sure, regular diet, and lifestyle trends. In 2012,
approximately 430,000 new BC cases were
diagnosed [1]. In western countries, it is esti-
mated there are 118,000 newly diagnosed ca-
ses, which has led to a substantial health ser-
vice burden [2, 3]. In China, rates of BC have

is a high risk of recurrence. It is reported that
30-70% of tumors reoccur [5], and 30% of
tumors may develop into muscle-invasive dis-
ease [6, 7]. Therefore, better understanding of
disease-causing molecules and mechanisms in
BC is urgently needed to improve tumor preven-
tion and control.
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Epigenetics is the study of gene expression
changes that do not involve alterations in the
DNA sequence, such as DNA methylation, his-
tone modifications, and non-coding RNA-medi-
ated gene silencing. DNA methylation is a sys-
tem of genetic text annotation, the most com-
mon form of which is to add a methyl group to
the 5’ cytosine of C-G dinucleotides to form
cytosine guanine dinucleotides (CpG), which
provides information for gene transcription and
mediating gene expression suppression or
silencing [8]. Aberrant epigenetic modifications
have been found in several types of cancers
including BC [8].

Long non-coding RNAs (IncRNAs) are a class of
RNA defined as transcripts > 200 nt in length
transcribed from non-protein coding regions of
the genome [9]. Multiple reports have demon-
strated the expression of IncRNAs in mammals
[10, 11]. Many IncRNAs are expressed specifi-
cally in cancer cells [12], and changes to their
expression are critical for tumor initiation and
progression [13].

Recently, growing evidence has focused on the
relationship between DNA methylation and non-
coding genes in human cancer [14]. Aberrant
epigenetic modifications of INcRNAs have been
reported in several types of cancers, including
BC [15-18]. However, understanding of DNA
methylation patterns of IncCRNAs genes in BC
remains limited. In the present study, we car-
ried out methylated DNA immunoprecipitation-
sequencing (MeDIP-seq) and RNA-sequencing
for BC-associated methylated IncRNA screen-
ing in eight pairs of BC and matched normal
adjacent tissue samples. We then further ana-
lyzed the association between differentially ex-
pressed INncRNA controlled by DNA methylation
and BC prognosis.

Methods and materials
Clinical sample

Eight paired tumor and adjacent normal tis-
sues from patients with BC were collected at
the People’s Hospital of Hainan Province from
March 2014 to July 2016 before microscopic
examination. BC tumor tissues were confirmed
to be invasive urothelial bladder cancer by
pathologists, with grades ranging from 1 to 4
and sizes ranging from 0.6 cm?3 to 135 cm3. All
tissue samples were immediately transferred
into liquid nitrogen and stored at -80°C until
genomic DNA extraction. This experiment was
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approved by the Committee on the Ethics of
People’s Hospital of Hainan Province. All pati-
ents were fully informed about the study and
provided informed consent.

MeDIP-seq

Genomic DNA from the eight tumor tissues and
paired tumor-adjacent normal tissues was iso-
lated using the MagMedIP kit (Diagenode,
Denville, NJ, USA) according to the manufac-
turer’s instructions. Next, methylated DNA was
separated from unmethylated fragments by
immunoprecipitation using a monoclonal anti-
body against 5-methylcytidine (Diagenode,
Denville, NJ, USA), as previously described [4].
Ilumina sequencing libraries of the enriched
methylated DNA were prepared using NEBNext
reagents according to the manufacturer’s rec-
ommendations (New England Biolabs, MA,
USA). After quantitative evaluation of the size
distribution and concentration of the library
using an Agilent Bioanalyzer 2100 (Agilent Te-
chnologies, CA, USA), 100 nucleotide (nt) se-
quencing runs were conducted on an lllumina
HiSeq 2000 platform (Illlumina, CA, USA).

Differential methylated gene profile analysis

Raw MeDIP-seq data were processed accord-
ing to the standard procedures of the Bei-
jing Genome Institute (BGI; Shenzhen, China).
Reads were aligned to the human reference
genome (hgl9) using Bowtie2 (version 2.2.6),
with default parameters (max mismatches in
seed alignment = 0). We then used MACS soft-
ware (MACS 1.4.0) to scan for methylation
peaks (Peak) genome-wide. The read counts of
tumors and normal groups were converted into
peak values. We then extracted the distribution
of peak values across genes, as well as regions
2 kb upstream and downstream. A heat map
was created using R (version 3.4.3) to identify
genes that were either hyper or hypomethyl-
ated based on a fold change of > 1.5 and P <
0.05 (Student’s t-test). Hyper and hypomethyl-
ated reads were counted and sorted for the
following gene regions: upstream 2 kb, 5'UTR,
CDS, intron, 3'UTR, and downstream 2 kb. The
average signals of DNA methylations were com-
pared among genes derived from the coding
regions and IncCRNAc encoding regions.

RNA-seq for differential expression of IncRNAs
Total RNA was isolated from tumor and normal

tissues using Trizol (Thermo Fisher Scientific,
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IL, USA), according to standard protocols. Rib-
osomal RNA (rRNA) removal was performed
using the RiboMinus Eukaryote Kit (Qiagen,
Hilden, Germany). To prepare the RNA library
for lllumina sequencing, we used the NEB Next
Ultra Directional RNA Library Prep Kit for lllu-
mina (NEB, MA, USA), according to the manu-
facturer’'s recommendations.

Libraries were assessed for quality with an Agi-
lent 2100 assay and quantified by quantitative
PCR prior to Illumina sequencing. After quality
control, clean reads were obtained, filtered,
and mapped to the human reference genome
hg19 using TopHat (version 2.1.0) [19] with the
default parameters (max mismatches in seed
alignment = 0). The expression level of each
gene was calculated, and the results were nor-
malized using the RPKM (Reads Per Kilobase
of exon model per Million mapped reads) meth-
od. Differentially expressed genes were identi-
fied according to established methods [20]. To
address the issue of multiple comparisons, the
threshold p-value was determined by control-
ling the false discovery rate (FDR, Benjamini-
Hochberg method). In our analysis, differential-
ly expressed genes were defined as those with
FDR < 0.001 and a more than two-fold expres-
sion change. Cluster analysis of differentially
expressed genes was performed using R. We
also used gene ontology (GO) annotation and
the KEGG pathway analysis, with FDR < 0.001
considered to be significantly enriched.

Prediction of super-enhancer and transcription
factor binding enrichment

To analyze methylation modifications in INcCRNA
genes near the enhancer, transcription factor
enriched motifs were identified on the 5mC
gain (Up) and loss (Down) regions using HO-
MER (version 4.10), a de novo motif discovery
algorithm. Hypo and hypermethylation enrich-
ed regions around the annotated transcription
start sites (TSS) + 3 kb with a signal density
(normalized by the RPKM method) of reads ab-
ove the background (P < 0.01, empirical test)
were defined as candidate super-enhancers.

Survival analysis

Overall survival and disease-free survival time
of patients with BC with different expression
levels of LINCOO574 and LINCOO092 were
analyzed using data obtained from the Cancer
Genome Atlas (TCGA, https://cancergenome.
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nih.gov/). Survival analysis was analyzed on the
GEPIA web server [21] (http://gepia.cancer-
pku.cn/) with the default parameters. A log-
rank test was used to compare differences in
survival time between groups. P < 0.05 was
considered to be statistically significant.

Results
Genome-wide distribution of 5mC in BC tissues

To visualize genome-wide changes in 5mC
between tumor and normal tissues, MeDIP-
seq was conducted. Sequencing reads match-
ing tumor or normal groups were converted to
density signals and depicted as a peak dia-
gram on the basis of their genomic location. In
total, MeDIP-seq identified 436 hypermethyl-
ated and 239 hypomethylated genes in BC tis-
sues around the TSS region (Figure 1A). As
shown in Figure 1B, the overall level of modifi-
cation of intergenic regions was higher than the
methylation level in regions 2 kb (Upstream 2
kb) upstream or downstream (Downstream 2
kb) of the transcriptional stop point. Notably, a
sharp peak was observed in the 2 kb region
upstream of the TSS (Figure 1B), which quickly
dropped to its lowest point at the TSS. Deter-
mination of the distribution of 5mC methylation
showed that 5mC was most enriched in the
intron regions followed by CDS, but not in the
UTR or gene body flanking regions (Figure 1D).
Of the differentially 5mC methylated genes, >
70% were coding genes, whereas few (~20%)
were IncRNAs coding genes (Figure 1C) in both
tumor and normal tissues.

Global change of IncRNA expression in BC tis-
sue

Next, IncRNA expression profiles were analyzed
in eight paired tumor and normal tissues by
RNA-seq. As shown in Figure 2, 895 IncRNAs
were differentially expressed in tumor tissue
relative to normal tissue. Among these Inc-
RNAs, 228 were upregulated and 667 were
downregulated relative to normal tissue. The
expression profile of tumor tissues thus differs
from normal tissues (Figure 2A), as the expres-
sion signals in the heatmap show separate
clustering of tumor and normal tissues. Furth-
ermore, analysis of differentially expressed In-
CRNAs revealed that downregulated IncCRNAs
were distributed across all chromosomes in
BC tissue, with the upregulated IncRNAs found
on all but chromosomes 20 and 23 (Figure 2B).
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Figure 1. Differences in the pattern of DNA methylation between adjacent normal tissue (Normal) and BC tumor
tissue (tumor). A. Heat maps show differences in the density profiles of hyper and hypomethylation between normal
and tumor tissues. B. Distribution of reads obtained by MeDIP-seq in the intragenic gene region, and regions 2 kb
upstream and downstream 2 kb of the genes. Upstream 2 kb, 2 kb region upstream of the transcription start site
(TSS); intragenic, the entire gene from the TSS to the end of the transcript; Downstream 2 kb, 2 kb region down-
stream of the end of the transcript. C. Reads of MeDIP-seq matching to a coding gene or IncRNA gene in normal and
tumor tissues. D. Statistical analysis of percentage of MeDIP-seq reads matching to regions of upstream2K, 5’UTR,

CDS, intron, 3'UTR, and downstream2K.

To provide an overview of the potential role of
the differential IncRNAs, GO and KEGG enrich-
ed analyses were conducted. As shown in Fig-
ure 3A, the four most enriched GO terms were
cell, cell part, cellular process and binding, with
1201, 1200, 1125, and 1106 genes enriched
in each category, respectively (Figure 3A). KE-
GG enrichment analysis revealed the top five
enriched pathways were the pathways in can-
cer, cGMP-PKG signaling pathway, PI3K-Akt sig-
naling pathway, focal adhesion, and Rap1l sig-
naling pathway (Figure 3B).

Expression of IncRNA is regulated by 5mC and
associated with BC prognosis

To explore the potential link between change in

IncRNA expression and differential methylation
status in BC, the preference of 5mC modifica-
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tion and profile of 5mC state on the location
around TSS were analyzed. Figure 4A lists
the five most enriched motifs of gain-5mC (UP)
and loss-5mC (Down) loci. Comparison of locus-
specific changes in 5mC in the super-enhancer
region of INcCRNA genes between tumor and
normal control showed a reduced signal of 5mC
modification in tumor tissue (Figure 4B).

The combination of MeDIP-seq and IncRNA se-
quencing identified 26 IncRNAs that were con-
sistently hypermethylated and downregulated
or hypomethylated and upregulated across all
tumor tissues from the eight patients with BC
(Table 1). To determine if there was an associa-
tion between these IncRNAs and BC outcome,
IncRNAs were subjected to GEPIA analysis. In-
deed, two IncRNAs were found to be associa-
ted with BC survival. As shown in Figure 5A,

Am J Transl Res 2019;11(6):3790-3800
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hypomethylated LINCO0574 was associated
with poor overall survival (HR = 1.7, p-value =
0.035) such that patients with BC with high-
er expression of LINCO0O574 displayed shorter
overall survival time. However, no significant
association was found between expression of
LINCOO574 and survival time in patients with

C (Figure 5A). In addition, hypomethylated
LINCOO092 showed no significant association
with survival in patients with BC (Figure 5B).
The association between INCRNA expression
and progression of BC requires further verifi-
cation.

Discussion

DNA methylation and IncRNA are two impor-
tant epigenetic regulatory factors in human
cancer. In the present study, we investigated
the association between DNA methylation and
BC-related IncRNAs expression using MeDIP-
seq and RNA-seq data in eight patients with
BC.

Intragenic DNA methylation has been shown
to play a role in several gene regulation pro-
cesses [22]. Regions with increased CpG con-
tent (known as CpG islands) are known to over-
lap with TSS in about 60-70% of genes in the
human genome. By contrast, regions with low
CpG modification are frequently located regions
other than the TSS [22]. DNA methylation pri-
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Figure 2. RNA-seq expression profiles of INCRNA between
tumor and normal tissues in patients with BC. A. Heat map
showing differential IncRNA expression patterns in BC tis-
sue and adjacent normal tissue. B. Chromosome distribu-
tion of differentially expressed IncRNA between tumor and
normal tissues. Upregulated IncRNA is indicated in red,
while downregulated IncRNA is indicated in green.

marily occurs in CpGs, but may also occur in
non-CpG regions [23]. Our MeDIP-seq revealed
that the lowest level of methylation was at the
TSS site. At the same time, there was a signal
of a significant DNA methylation peak in the 2
kb region near the TSS.

The function of IncRNA in regulating tumor cell
behavior - including cell proliferation, apopto-
sis, migration, and invasion - has been widely
reported [24-28]. In BC, IncRNA is particularly
involved in the regulation of proliferation, me-
tastasis, and drug resistance [29-32]. In the
present study, we demonstrated the overall
expression profile of INncRNA in control tissues
and eight patients with BC tumor. KEGG en-
richment analysis of differentially expressed
IncRNAs in tumor and control tissues revealed
that these IncRNAs were significantly enriched
in pathways in cancer, cGMP-PKG signaling
pathway, PI3K-Akt signaling pathway, focal ad-
hesion, and the Rapl signaling pathway. Among
these, the PI3K-Akt signaling pathway plays a
role in tumor proliferation and growth and is
involved in IncRNA regulating the occurrence
and progression of various tumors [33-35].

We also integrated the expression pattern of
IncRNA with their 5mC modification levels. To
investigate whether DNA methylation regula-
tion is involved in regulating differentially ex-
pressed IncRNA, we calculated the 5mC acqui-

Am J Transl Res 2019;11(6):3790-3800
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Figure 3. GO (A) and KEGG pathway enrichment (B) analysis of differentially expressed IncRNAs.
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Figure 4. 5mC is enriched at enhancer regions of INcCRNA
genes in patients with BC. A. Top five enriched motifs for
gain-5mC (UP) and loss-5mC (Down) loci. B. Heat maps
showing 5mC patterns in the 3 kb region surrounding the
super-enhancers of IncRNA genes.

Table 1. Methylated IncRNAs showing differ-
ential expression in BC tumor tissue

Methylation IncRNA
status expression

LINCO0839 down up

LINCO0301 down up

LINCOO111 down up

VENTXP1 down up

LINCO0898 down up

LINCO0887 down up

LINCO0592 down up

LINCO0669 down up

LINCO0643 up down
LINCO0473 up down
LINCO0472 up down
SNHG9 up down
RBAKDN up down
LINC01056 up down
LINCO1003 up down
LINCO0626 up down
LINCO0606 up down
LINCOO574 up down
LINCO0486 up down
LINCO0474 up down
LINCO0339 up down
LINCO0303 up down
LINCO0092 up down
LINC0O0028 up down
EPB41L4A-AS1 up down
C110rf95 up down
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B

Super-enhancers

-3K +3K -3K +3K
High D Low

sition and loss motif characteristics on the
IncRNA gene. The results showed that certain
motifs of DNA 5mC were preferentially gained
and lost. At the same time, in the vicinity of
TSS, the DNA methylation level of the IncCRNA
gene super-enhancer region decreased. These
findings suggest that expression of BC-associ-
ated IncRNA is related to the DNA methylation
status near the TSS region of the INCRNA gene.
We also observed IncRNAs with opposite chan-
ges in IncRNA expression and DNA modifica-
tion, which suggests the potential of DNA meth-
ylation in BC to regulate IncRNA. Previous stud-
ies have identified epigenetic modifications of
INRNAs that exert either beneficial effects on
tumors, such as MINCR, or suppressed effects,
such as MEG3 [36]. By contrast, the global pro-
file of differentially methylated IncRNA in BC is
poorly understood. The current study has thus
provided novel insight into the methylation mo-
difications that control BC-associated IncRNA
candidates.

The functions of most IncRNAs have not been
well characterized. However, LINCOO643 has
been reported to be differentially methylated
and expressed in cancers [37] and serves as a
tumor enhancer [38-40]. LINCOO472 is regu-
lated by DNA methylation in breast cancer and
colorectal cancer, and is known to function as
a tumor suppressor [41, 42]. Several reports
have provided evidence for the roles of SNH-
G9, LINCOO574, and LINCOO092 in cancer [43,

Am J Transl Res 2019;11(6):3790-3800
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Figure 5. Two differentially expressed IncRNAs, namely LINCO0574 and LINCOO092, which were also differentially
methylated in tumor tissues, were associated with poor overall survival or disease-free survival. A. Expression of
LINCOO574 with survival in patients with BC. B. Expression of LINCOO092 with survival in patients with BC. Survival
analysis was conducted using an online GEPIA tool (http://gepia.cancer-pku.cn/).

44]. We further revealed that differential ex-
pression of LINCO0574 in BC compared to nor-
mal tissue and a gain in methylation of 5mC in
BC tissue are associated with reduced survival
time. These findings suggest that LINCO0O574 is
a biomarker for BC prognosis. LINCOO574 has
not been previously reported to have a role in
BC, although it has been shown to be upregu-
lated in breast cancer and gliomas [45, 46]. In
addition, its 5mC methylation status indicates
a link between DNA methylation in regulating
INncRNA expression and BC prognosis.

Taken together, the findings of the current stu-
dy revealed a variety of methylation IncRNAs
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associated with BC. In particular, LINCOO574
was associated with poor outcomes for pati-
ents with BC. These findings indicate a role for
IncRNA regulation by 5mC methylation in BC
prognosis.
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