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A novel regulatory circuit of miR-152 and DNMT1
in human bladder cancer
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Abstract. Downregulation of microRNA-152 (miR-152)
has been observed in various types of human malignancies,
including Bladder cancer (BC). However, the role of miR-152
in the development and progression of BC is still unclear. In our
previous study, we identified a functional crosstalk between
miR-152 and DNA methyltransferase 1 (DNMT1) involved in
Nis-induced malignant transformation. In the present study,
we found that the expression of miR-152 was specifically
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downregulated in BC cells and tissues via the DNA hyper-
methylation of the miR-152 promoter. The overexpression
of miR-152 in BC cells resulted in a reduction of DNMTI,
whereas the inhibition of the expression of miR-152 induced
an elevated level of DNMT1. Further studies revealed that
miR-152 directly downregulated the expression of DNMT1
by targeting the 3'-UTR of its transcript in BC cells. In addi-
tion, ectopic expression of miR-152 in BC cells significantly
inhibited cell proliferation, whereas the inhibition of miR-152
expression led to increased cell proliferation. These findings
indicated a novel regulatory circuit of miR-152/DNMT1 in
BC, and more importantly, the combination of miR-152 and
DNMTI1 may function as promising therapeutic modalities
and early biomarkers for BC.

Introduction

Bladder cancer (BC) is a common malignancy worldwide.
Approximately 70% of BC patients receive a preliminary
diagnosis of non-muscle invasive BC (NMIBC). Of these,
50-70% of patients exhibit recurrence, and 10-20% progress
to muscle-invasive BC (MIBC) (1). Over the last decade,
significant progress has been made regarding the mechanisms,
diagnosis and therapy of BC (2). Nonetheless, a high rate of
recurrence of non-invasive BC and poor survival of patients
with invasive BC have not been thoroughly solved. Therefore,
there is an unmet need in understanding the molecular mecha-
nisms of BC development, improving the effective treatment
and early detection of disease recurrence.

MicroRNAs (miRNAs) are a group of non-coding small
RNAs (22 nucleotides in length) that negatively regulate gene
expression by binding to the 3' untranslated region (3'-UTR) of
target mRNAs (3,4). There is strong evidence supporting that
the dysregulation of the expression of miRNAs is implicated in
human cancer development and progression (5,6). As one of the
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three members of the miR-148/152 family, miR-152 has been
identified to accelerate growth of certain tumor types when its
expression is downregulated (7). Recent studies reported that
the aberrant expression of miR-152 plays an important role in
the pathogenesis of BC (8,9). However, the molecular mecha-
nism underlying the effect of aberrant expression of miR-152
on the development of BC remains poorly understood.

As other protein-coding genes, miRNA expression is
regulated by the same mechanisms including epigenetic
regulation (10,11). As one of the most important epigenetic
regulators, DNA methylation is involved in various biological
processes including cancer (12-15). DNA methylation plays
an important role in regulating gene expression, especially
when it occurs in CpG island regions of gene promoters (16).
Previous studies have indicated that several miRNAs are
regulated by DNA methylation in various types of cancers
and metabolic diseases (17-19). Notably, miRNAs control
the chromatin structure by regulating histone modifiers and
DNA methyltransferases such as DNA methyltransferases
(DNMTs), ten-eleven translocations (TETSs), histone deacety-
lases (HDACs) and polycomb genes, indicating that miRNAs
can also indirectly modulate gene expression by controlling
epigenetic modifications (20-22).

In our previous study, we identified a functional crosstalk
between miR-152 and DNMT1 involved in Nis-induced malig-
nant transformation (23). In the present study, we found that
the expression of miR-152 in BC cells and tissues was rela-
tively lower than in normal bladder cells and adjacent tissues
of BC (ATBC), respectively. In addition, we identified a higher
expression of DNMT]1 in BC cells and tissues compared
to normal bladder cells and adjacent tissues of BC (24).
Additionally, methylation-specific PCR (MSP) revealed that
miR-152 was methylated in BC cells and tissues, whereas
unmethlylated miR-152 was present in normal bladder cells
and adjacent tissues of BC. Since DNA methylation can be
regulated by miRNAs by targeting DNMTs (25), we aimed
to determine the presence of a regulatory circuit of miR-152
and DNMT1 in human BC. Furthermore, we also determined
whether miR-152 contributed to tumor cell growth.

Materials and methods

Cell culture, treatment and transfection. The immortalized
human bladder epithelial cell line SV-HUC-1 and the human
urinary bladder transitional carcinoma cell line T24 were
both purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA). The human BC cell line
UM-UC-3 was purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). SV-HUC-1 cells
were cultured in F12K, T24 cells were cultured in RPMI-1640
medium, and UM-UC-3 cells were cultured in MEM. All
media were supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
in a humidified air atmosphere of 5% CO, at 37°C. Trypsin
(0.25% with 1 mM EDTA) (Invitrogen, Carlsbad, CA, USA)
was also used to harvest the cells for further experiments.
One day prior to transfection, the cells were plated in
growth medium without antibiotics at a density of 50-60%.
miR-152 mimic and mimic-control were transfected into
UM-UC-3 cells using Lipofectamine 2000 (Invitrogen)
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according to the manufacturer's protocol. miR-152 inhibitor
and inhibitor-control were transfected into SV-HUC-1 cells
as previously described (23). Cells were harvested at 24, 48,
72 and 96 h post-transfection. For combined treatment of the
miR-152 inhibitor and the DNMT inhibitor, 5-aza-2-deox-
yeytidine (DAC), SV-HUC-1 cells transfected with miR-152
inhibitor were further divided into two groups, in which
one group was treated with 12.5 uM DAC (Sigma-Aldrich;
Merck KGaA) for 72 h, and the other group was used as a
negative control.

Patients and tissue samples. A set of 24 bladder tumor speci-
mens was obtained from patients who underwent BC surgery
between January 2012 and May 2015 at the First Affiliated
Hospital of Guangzhou Medical University (Guangzhou,
Guangdong, China). None of the patients received antitumor
treatment prior to tumor sampling. A total of 24 adjacent
tissues of bladder tumors from matched patients was collected
as the control group. Details of the characteristics of the
patients were described in our previous study (24). In order
to further validate the relationship between miR-152 and
DNMTI1 mRNA expression, public data from both primary
invasive and papillary BC tissues from ‘The Cancer Genome
Atlas’ (TCGA) data portal (https://tcga-data.nci.nih.gov)
were used, and explored through the cBio Cancer Genomics
Portal (http://cbioportal.org). The data from 404 patients from
I1lumina HiSeq gene expression platforms (Illumina, Inc., San
Diego, CA, USA) were extracted.

Real-time quantitative PCR. Total RNA from tissues or
cell lines was extracted using TRIzol reagent (Invitrogen)
according to the manufacturer's instructions. The quantity
and quality of the RNA were determined by UV spectropho-
tometer. Bulge-loop™ miRNA qRT-PCR Primer sets (one
RT primer and a pair of qPCR primers for each set) specific
for miR-152 were designed by Guangzhou RiboBio Co., Ltd.
(Guangzhou, China). The relative quantification value of the
target, normalized to the control, was calculated by the the
AACq method (26). PCR was carried out as follows: 95°C for
20 sec, 40 cycles of 10 sec at 95°C, 20 sec at 58°C and 30 sec
at 72°C. Samples were analyzed in triplicate.

Western blot analysis. Protein was extracted from T24,
UM-UC-3 and SV-HUC-1 cells for western blotting. Cultured
cells were collected and washed three times with PBS.
Following incubation with RIPA buffer (Sigma-Aldrich;
Merck KGaA) containing 5 mM EDTA, PMSF, cocktail
inhibitor and phosphatase inhibitor cocktail, cells were
collected in a centrifuge tube. Cell lysates were centrifuged
at 13,000 x g for 15 min at 4°C and insoluble debris was
discarded. The proteins were determined by BCA quantita-
tive method. Soluble proteins (30 ug) were subjected to 8%
SDS-PAGE and transferred to a Hybond-P polyvinylidene
difluoride (PVDF) membrane. Membranes were blocked
in TPBS (PBS with 0.05% Tween-20) containing 5% (w/v)
non-fat dry milk for 1 h at room temperature, washed in TPBS
and then incubated with primary antibody. Immunoblottings
were performed with 1:1,000 diluted anti-DNMT1 antibody
(cat. no. D4692; Sigma-Aldrich; Merck KGaA) and 1:1,000
diluted anti-GAPDH antibody (cat. no. sc-166545; Santa Cruz
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Table I. Primers used in this study.
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Primer sequence (5'-3')

Primer name F R
MSP
miR-152 (methylated) TTTAGAATTCGCGCGTTC CCGACGAACTCAAAACAAA

miR-152 (non methylated)

ChIP
miR-152 promoter

GGAGGAAAAGTTTGTTTTAGTGTT

AGAGGAGGCCTGTCCTGAGT

ACCCACCAATAATAAAAACCAAA

CGGGTAGACTCCAGAAGCAT

F, forward; R, reverse.

Biotechnology, Santa Cruz, CA, USA). Blots were visualized
using the Immobilon solutions (EMD Millipore, Billerica,
MA, USA) under a chemiluminescence detection system, the
ChemiDoc XRS (Bio-Rad Laboratories). Band area inten-
sity was analyzed using Quantity One software (Bio-Rad
Laboratories).

Methylation-specific PCR (MSP). Genomic DNA of tissues
and cells was extracted using standard phenol/chloroform
purification and ethanol precipitation. Bisulfite modifica-
tion of the genomic DNA was performed using EZ DNA
Methylation-Gold kit (Zymo Research Corp., Irvine, CA,
USA). Methylation of each sample was evaluated in triplicate
using MSP. PCR products were electrophoresed on a 2%
agarose gel for analysis. Primer sequences for miR-152 are
listed in Table I.

Chromatin immunoprecipitation (ChIP). Chromatin immu-
noprecipitation was performed using EZ-Magna ChIP A/G
kit (EMD Millipore) according to the manufacturer's instruc-
tions. Briefly, cells were grown on 100-mm plates to 85%
confluence; formaldehyde was added to a final concentration
of 1%, and the plates were incubated for 10 min at 37°C; the
cross-linking reaction was stopped by the addition of 0.125 M
glycine for 5 min at room temperature. Cells were sonicated
and sheared to yield fragments between 200 and 1,000 bp.
Anti-DNMT1 (5 pg; Abcam, Cambridge, UK) was added to
the sonicated samples and incubated at 4°C overnight with
rotation. Immune complexes were collected with Protein A/G
agarose beads and washed with buffer to remove nonspecific
binding. Protein/DNA complex was reverse crosslinked and
DNA was purified using spin columns. DNA was detected
with quantitative PCR. Primers for ChIP-qPCR are listed in
Table I.

Cell proliferation analysis. The miR-152 mimic was
transfected into the T24 and UM-UC-3 cells and the miR-152
inhibitor was transfected into the SV-HUC-1 cells lasting
6 h. Subsequently, the cells were plated into a new dish. Cells
(2x10% were plated in triplicate and measured at the indicated
time-points: 24, 48, 72 and 96 h. The number of cells was
determined using the CellTiter 96® AQueous One Solution
assay (Promega Corp., Madison, WI, USA). Triplicate plates
were counted for each cell line.

Luciferase reporter assay. The cells (1x10° cells/well) were
seeded in 24-well plates. When cells reached 70-80% conflu-
ence, 0.5 ug of reporter plasmids alone or co-transfected with or
without microRNA mimics were transiently transfected using
Lipofectamine 2000 according to the manufacturer's instruc-
tions (Invitrogen; Thermo Fisher Scientific, Inc.). Luciferase
activity was determined as previously reported (23).

Statistical analysis. All analyses were performed with
the SPSS 13 statistical software (SPSS, Inc., Chicago, IL,
USA). Statistical significance was determined by Student's
t-test and Mann-Whitney U test. The relationship between
the expression level of miR-152 and clinicopathological
parameters was analyzed using the Mann-Whitney U test.
The correlations were analyzed using Spearman's correla-
tion rank test. Differences in probability values (P-values)
of <0.05 were considered to indicate a statistically significant
difference.

Results

miR-152 is downregulated in BC cells and tumor tissues.
To determine the expression of miR-152 in BC, real-time
PCR was used to compare the expression levels of miR-152
in T24 cells, UM-UC-3 cells and SV-HUC-1 cells. A lower
level of miR-152 was observed in T24 cells and UM-UC-3
cells compared with SV-HUC-1 cells (Fig. 1A). We further
compared the expression of miR-152 between 24 BC tissue
specimens and the matched adjacent normal tissues. Consistent
with our observations in cells, compared to the matched adja-
cent tissues of BC, miR-152 had a relatively lower expression
in BC tissues (Fig. 1B). Additionally, after transfection with
the miR-152 mimic, the expression of miR-152 in T24 cells
had an increased level in a time-dependent manner (Fig. 1C).
Conversely, treatment with miR-152 inhibitor in SV-HUC-1
cells resulted in a reduction of miR-152 expression in a
time-dependent manner (Fig. 1D). These results indicated that
miR-152 was downregulated in BC cell and tumor tissues.
Notably, the analysis of the clinicopathological features
of BC patients revealed that a lower miR-152 expression
level was significantly correlated with the stage and grade
of BC patients, which was independent of patient sex and
age (Table II).
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Figure 1. Downregulation of miR-152 in BC cells and bladder tumor tissues. (A) Levels of miR-152 expression in T24, SV-HUC-1 and UM-UC-3 cells were
determined by real-time PCR with input normalization by U6 snRNA level. Results represent the mean + SD from three independent experiments. "P<0.05,
compared to SV-HUC-1 cells. (B) Relative expression levels of miR-152 in 24 pairs of BC tumors and the ATBT were determined by real-time PCR with input
normalization by U6 snRNA level. (C) The expression of miR-152 in T24 cells transfected with miR-152 mimics or negative control. "P<0.05, compared with
the negative control group. (D) The expression of miR-152 in SV-HUC-1 cells transfected with miR-152 inhibitor or negative control. “P<0.05, compared with
the negative control group. miR-152, microRNA-152; BC, bladder cancer; snRNA, small nuclear RNA; ATBT, matched adjacent tissues of BC.

Table II. Clinicopathological features of BC patients and the levels of miR-152 expression in cancer tissues.

Molecular expression level

Characteristics No. of patients (%) miR-152¢ P-value
All patients 24 (100)
Sex* 0.725
Females 10 (41.6) 0.0046 (0.0016-0.0088)
Males 14 (58.4) 0.0042 (0.001-0.0089)
Age at diagnosis®, years 0.184
<70 12 (50.0) 0.0037 (0.001-0.0074)
>70 12 (50.0) 0.0051 (0.0012-0.0089)
Pathological grade® 0.03¢
Low 8(33.3) 0.0064 (0.0035-0.0089)
High 16 (66.7) 0.0034 (0.0010-0.0062)
Pathological stage® 0.04¢
pTa 5(20.8) 0.0061 (0.0045-0.0088)
pT1 13 (54.2) 0.0045 (0.0012-0.0089)
=pT2 6 (25.0) 0.0027 (0.001-0.0038)

“Evaluated with the Mann-Whitney U test. "Evaluated with the Kruskal-Wallis test. “Levels of miR-152 expression were determined by
gRT-PCR assay, and normalized to the U6 levels using the AACq method (26). *Significant difference. BC, bladder cancer.
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Figure 2. The expression of miR-152 was regulated by DNA methylation via DNMT1. (A) MSP analysis of miR-152 gene promoter in T24 and SV-HUC-I cells.
MSP, methylation-specific PCR; MW, molecular weight; U, unmethylated status; M, methylated status. Water was used as a control for PCR. (B) MSP analysis
of miR-152 gene promoter in BC tumors. MW, molecular weight; 7%, 97, 167, 12*, Number of tumor samples. (C) MSP analysis of miR-152 gene promoter in the
matched adjacent tissues of BC. MW, molecular weight; 7%, 9%, 167, 127, Number of adjacent tissues samples. (D) MSP analysis of miR-152 gene promoter in
T24 cells transfected with miR-152 mimics and control. MW, molecular weight; 1, Control; 2, T24 mimic-152. (E) The ChIP analysis of the binding of DNMT1
in miR-152 CpG island promoter in T24 cells transfected with miR-152 mimics and control. Quantitative-ChIP analysis was conducted to assess the binding
of DNMT1 in miR-152 CpG island promoter with specific antibodies of DNMT1 with normalization by total input DNA. Results represent the mean + SD
from three independent experiments. "P<0.05, compared with the negative control group. Right images are representative results from quantitative PCR after
ChIP assay. M, marker; NC, negative control; C, control cells; ChIP, Chromatin immunoprecipitation. (F) The ChIP analysis of the binding of DNMT]1 in
miR-152 CpG island promoter in SV-HUC-1 cells transfected with miR-152 inhibitor and control. “P<0.05, compared with the negative control group. miR-152,

microRNA-152; DNMT1, DNA methyltransferase 1; BC, bladder cancer.

Downregulation of miR-152 is due to DNA hypermethylation
via DNMT]I in BC. The reduction or absence of gene expres-
sion mediated by DNA hypermethylation plays an important
role in cancer development (27). We hypothesized that down-
regulation of miR-152 in BC was due to DNA methylation.
To verify our hypothesis, we used an MSP method to deter-
mine the methylation status of miR-152 promoter in T24 and
SV-HUC-1 cells. We observed that miR-152 was methylated
in T24 cells, but not in SV-HUC-1 cells (Fig. 2A). Similarly,
17 out of 24 (70.8%) samples had CpG island methylation of
miR-152 promoter in BC tissues, while only 9 out of 24 (37.5%)
samples had CpG island methylation of miR-152 promoter in
the matched normal tissues adjacent to BC (Fig. 2B and C).
Conversely, our previous study demonstrated that the expres-
sion level of DNMT1 was significantly higher in BC cells
and tissues (24). To explore the potential regulatory circuit
of DNMTI1 and miR-152, we transfected miR-152 mimics
in T24 cells and detected the expression of DNMTI1 and
the methylation level of miR-152 CpG island promoter. We
determined that both DNMTI1 mRNA expression and the

DNA methylation of miR-152 promoter were decreased in
T24 cells transfected with miR-152 mimics (Figs. 3B and 2D).
Notably, the binding of DNMT1 to the miR-152 CpG island
promoter was significantly decreased in T24 cells trans-
fected with miR-152 mimics (Fig. 2E). In addition, DNMT1
binding to the miR-152 CpG island promoter was significantly
increased in SV-HUC-1 cells transfected with the miR-152
inhibitor compared to the control group (Fig. 2F). To further
determine the relationship between the expression of miR-152
and DNMT]1, we performed Spearman's rank correlation
analysis and found a significantly negative correlation
between the expression levels of miR-152 and DNMT1 in BC
specimens (r=-0.623, P=0.01) (Fig. 3A). In order to further
confirm these findings, we determined DNMT1 and miR-152
expression in The Cancer Genome Atlas (TCGA) dataset
which includes a total of 404 BC samples. Notably, we also
identified a negative correlation (r=-0.145) in BC samples
of stage 1V, although there was no correlation of DNMT1
with miR-152 mRNA expression among BC samples of all
stages. In addition, miR-152 levels may affect disease-free
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compared with the negative control group. (E) DNMT]1 protein expression in T24 cells transfected with miR-152 mimics. (F) DNMT1 protein expression
in UM-UC-3 cells transfected with miR-152 mimics. (G) DNMT]1 protein expression in SV-HUC-1 cells transfected with the miR-152 inhibitor or negative

control. miR-152, microRNA-152; DNMT1, DNA methyltransferase 1; BC, bladder cancer.

survival (P=0.026) (data not shown). Collectively, our results
indicated that hypermethylation via DNMT]1 is responsible for
the silencing of miR-152 expression in BC.

Expression of DNMT] is regulated by miR-152 by targeting the
3'-UTR in BC cells. DNMT1 is the key enzyme in DNA meth-
ylation which has been identified as one of the high-scoring
candidate genes of miR-152 targets (28). To further determine
whether the expression of DNMTT1 is regulated by miR-152,
we first determined the levels of DNMT1 mRNA in T24 and
UM-UC-3 cells transfected miR-152 mimics by real-time PCR.
We found that DNMT1 expression was decreased in both of
T24 and UM-UC-3 cells transfected with the miR-152 mimic
in a time-dependent manner (Fig. 3B and C). Conversely,
the level of DNMT1 mRNA in SV-HUC-1 cells transfected
the miR-152 inhibitor was increased in a time-dependent
manner (Fig. 3D). These results were ascertained by western
blot analysis (Fig. 3E-G). Notably, we revealed that miR-152
could directly target DNMT1 3'-UTR and suppress its expres-
sion in NiS-transformed cells (23). To further validate our
results in T24 cells and SV-HUC-1 cells, a luciferase reporter
assay was performed, in which miR-152 significantly reduced
DNMT]1 wild-type 3'-UTR luciferase activity, but not DNMT1
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Figure 4. miR-152 suppresses DNMT1 expression by targeting the 3' UTR in
BC cells. A dual-luciferase assay was performed in T24 cells and SV-HUC-1
cells co-transfected with the firefly luciferase constructs containing the
DNMT1 WT or Mu 3-UTR and miR-152 mimics or scrambled oligonucle-
otides as the negative control. "P<0.05, compared with cells transfected with
the negative control. Wt, wild-type; Mu, mutant; miR-152, microRNA-152;
DNMT1, DNA methyltransferase 1; BC, bladder cancer.

Mu 3'-UTR activity (Fig. 4), indicating that miR-152 directly
bound to the DNMT1 3'-UTR and inhibited its expression in
BC cells.
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miR-152 inhibits BC cell growth.In order to clarify whether the
expression of miR-152 plays a significant role in BC malignant
phenotypes, we explored the effects of ectopically expressed
miR-152 on the proliferation of T24, UM-UC-3 and SV-HUC-1
cells. Both T24 and UM-UC-3 cells transfected with miR-152
mimics exhibited significantly decreased cell proliferation at
48,72 and 96 h, compared to the miR-control (Fig. 5A and B).
Conversely, SV-HUC-1 cells transfected with miR-152
inhibitor had increased cell proliferation at 48, 72, and 96 h,
compared to the miR-control (Fig. 5C). Notably, the combined
treatment of the miR-152 inhibitor and the DNMT inhibitor,
5-aza-2-deoxycytidine (DAC), led to decreased cell prolifera-
tion compared to suppression of the miR-152 inhibitor alone,
whereas the combined treatment resulted in a slight elevation
of cell proliferation compared to that in control SV-HUC-1
cells at 48 and 72 h post treatment. These findings highlighted
a reciprocal regulatory loop between miR-152 and DNMT].

Discussion

In recent years, there has been an increasing interest in the
role of epigenetic regulation in human diseases (29). For
instance, numerous studies have revealed that epigenetic
dysregulation of miRNA expression plays a key role in cancer

development (30,31). In the present study, we demonstrated
that upregulation of DNMT1 was responsible for the hyper-
methylation of miR-152, which resulted in the downregulation
of miR-152. miR-152 mediated DNA methylation by directly
targeting DNMT1 3'-UTR, indicative of a novel regulatory
circuit between DNMT1 and miR-152 in human BC.
MiRNAs are a group of post-transcriptional regulators
which inhibit target gene expression by mRNA degrada-
tion and translation inhibition (32,33). Several studies have
revealed that miRNAs are altered in many cancers, and
that they can initiate carcinogenesis or drive tumor progres-
sion (11,34). miR-152 is located at 17q21.32, and a typical CpG
island is surrounded by miR-152 promoter. Huang et al have
suggested a tumor-suppressive role of miR-152 in the epigen-
etic aberration of HBV-related hepatocellular carcinoma (25).
Stumpel et al (35) reported that downregulation of miR-152
was related to CpG hypermethylation. Further research indi-
cated that the hypermethylation of the miR-152 CpG island
was associated with poor clinical outcome in mixed-lineage
leukemia (MLL). In BC,Kohler ez al (9) reported that a reduced
expression of miR-152 was related to increased DNA methyla-
tion. Consistent with this study, our results demonstrated the
downregulation of miR-152 expression in BC as well as the
hypermethylation at the promoter region of miR-152. Notably,
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we identified that the DNMT1 bound to the miR-152 CpG
island promoter was markedly decreased in T24 cells trans-
fected with miR-152 mimics, which was similar to a previous
study revealing that the overexpression of miR-152 decreased
DNMT1 and MeCP2 binding to the CpG island promoter of
miR-152 in an FLS model (36). In addition, it was revealed that
miR-152 could act as a tumor suppressor by targeting TGF,
and inhibit prostate cancer cell migration and invasion (37).
Overexpression of miR-152 suppressed cell proliferation and
colony formation in non-small-cell lung cancer (NSCLC) cells
by inhibiting FGF2 (38). Furthermore, miR-152 was down-
regulated in human glioblastoma stem cells (GSCs). Restoring
the expression of miR-152 inhibited the cell proliferation of
GSCs by downregulating KLF4 (39). Recently, miR-152 was
identified as a regulator of lung metastasis which increased
metastasis rates, but failed to promote primary tumor growth
through a genome-wide in vivo CRISPR/Cas9 screening (40).
Consistent with these studies, we also found that the prolif-
eration of T24 cells and UM-UC-3 cells was significantly
inhibited after treatment with miR-152 mimics. Conversely,
the proliferation of SV-HUC-1 cells transfected with the
miR-152 inhibitor was significantly increased, compared to
those transfected with the inhibitor miR-control. Collectively,
our results further confirmed the tumor-suppressive activity of
miR-152 which is epigenetically silenced during human BC
development.

The downregulation of miR-152 mediated by the methyla-
tion of miR-152 promoters was associated with breast cancer
grades and lymph node-metastasis (LN) status (41). Similarly,
lower expression of miR-152 was related to increased tumor
sizes and advanced tumor stages in gastric cancer (7,42). In
addition, DNA hypermethylation on CpG islands was related
to the overexpression of DNMT1 in multistage bladder carci-
nogenesis (43). In accordance with these findings, our results
demonstrated that the upregulation of DNMT1 and downregu-
lation of miR-152 were related to the grades and stages of BC.

Epigenetic dysfunction of genes is an important feature
in human cancer development. Increasing evidence has
indicated that DNA methylation is one of the key regulators
in urinary tumors. DNMT1 plays a vital role in human cell
malignant transformation, indicating that the aberrant expres-
sion of DNMT1 may contribute to the development of human
cancer (44). Our present study revealed that the high expres-
sion of DNMT]1 expression was correlated with low expression
of miR-152 with hypermethylation of miR-152 promoter in
BC cells and tissues. Furthermore, the upregulation of miR-152
expression led to decreased expression of DNMT1. All these
findings indicated a dysregulated DNMT1 expression due to
aberrant expression of miR-152 in BC.

Previous findings revealed that miR-152 induced aberrant
DNA methylation in hepatitis B virus-related hepatocel-
lular carcinoma (25) and ovarian cancer by targeting DNA
methyltransferase 1 (45). In an arthritic rat model, miR-152
was found to regulate canonical Wnt pathway activation by
targeting DNMT1 3'-UTR (46). Consistent with these studies,
our results indicated that DNMT1 expression was suppressed
by miR-152 via a direct interaction with a highly conserved
region of the DNMT1 3'UTR in BC. Collectively, these
findings demonstrated that miR-152 directly interacted with
DNMT]1 by targeting its predicted binding site in BC.

ZHANG et al: ANOVEL REGULATORY CIRCUIT IN HUMAN BLADDER CANCER

Notably, the relationship between miRNA-epigenetics is
enriched by a line of findings indicating that the expression
levels of the epigenetic effectors can be regulated by some
miRNAs, while epigenetic effectors can also modulate the
expression of these miRNAs (47,48). For example, in pancre-
atic cancer, the overexpression of miR-148b and miR-152
repressed the expression of DNMT1, leading to the decreased
DNA methylation and overexpression of tumor-suppressor
genes (49). The overexpression of miR-152 in dairy cow
mammary epithelial cells resulted in significantly lowered
expression of DNMT1, which in turn led to a reduction of global
DNA methylation (50). Conversely, miRNAs can also be modi-
fied by DNMTs. The putative CpG island promoter region of
miR-29b/c was revealed to be regulated by DNA methylation.
The increased expression of DNMT3a was related to silencing
of miR-29b/c in gastric carcinogenesis (51). In addition, the
overexpression of DNMTI led to the hypermethylation of
miR-148a and miR-152 genes in breast cancer. Furthermore,
the expression of DNMT], a direct target of miR-148a and
miR-152, was inversely correlated with the expression levels
of miR-148a/152, indicating a negative feedback regulatory
loop between miR-148a/152 and DNMT]1 (41). In a previous
study, we identified a crucial functional crosstalk between
miR-152 and DNMT1 via a double-negative circuit involved
in NiS-induced malignant transformation (23). In the present
study, we confirmed that a high miR-152 level was associated
with low DNMT]1 expression in SV-HUC-1 cells, whereas a
low level of miR-152 was related to the high DNMT]1 protein
expression in T24 cells and UM-UC-3 cells, indicating a
negative feedback regulation between miR-152 and DNMT1
expression in BC.

In conclusion, we identified a novel regulatory circuit
between miR-152 and DNMT]1 and our study revealed that
the tumor-suppressive activity of miR-152 is epigenetically
silenced by directly interacting with the DNMT1 in BC. The
discovery of the relationship between miR-152 and DNMT1 is
highly beneficial to enrich our understanding of BC develop-
ment, which could be further explored as effective therapeutic
targets and early detection biomarkers.
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