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and invasion of bladder cancer via miR-206
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Abstract. — OBJECTIVE: The incidence of
bladder cancer (BC) is common in the world, but
its detail mechanisms for occurrence and devel-
opment remain unclear. Recently, long non-cod-
ing RNAs (IncRNAs) have been observed to play
an important role in many different diseases. In
this research, we mainly explored the role of the
RNA component of mitochondrial RNA process-
ing endoribonuclease (IncRNA-RMRP) in blad-
der cancer.

MATERIALS AND METHODS: We used gRT-
PCR to detect the expression of IncRNA-RMRP
in bladder cancer patients and tumor cells, and
the clinical significance was also analyzed. The
methyl thiazolyl tetrazolium (MTT) assay was
used to detect the cell proliferation, and we used
transwell to detect the migration and invasion,
after the IncRNA RMRP was inhibited. West-
ern-blot was used to measure the relative pro-
tein expression level in bladder cancer cells af-
ter transfection with siRNA-NC or siRNA-RMRP.

RESULTS: We found that the IncRNA RMRP
was highly expressed in bladder cancer tissue,
compared with adjacent tissue. We also found
that the expression of RMRP was closely related
with the size, lymph node metastasis and surviv-
al time of patients. What’s more, RMRP could pro-
mote the proliferation, migration and invasion of
BC cell lines via regulating miR-206 as a sponge.

CONCLUSIONS: According to the results, we
found that IncRNA RMRP was closely related to
the progression of bladder cancer, which could
be a potential target for treating BC patients.
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Introduction
Bladder cancer (BC) is the most common

malignant tumor in the urinary system and it is
the fourth of male malignant tumors in Europe-
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an and American countries'. Recently, it has in-
creased its morbidity and rejuvenation. BC risk
factors are smoking and long-term exposure to
industrial chemical products, which are related
to the changes in the gene level of patients; more-
over, the variety of apparent heredity is involved
in the development of tumors®. The occurrence
and development of bladder cancer is a chronic
process with multi-factors and multi-steps®. Thus,
investigating the detail mechanisms involved in
BC bladder cancer will provide a novel strategy
for its prevention and treatment. Long nonco-
ding RNAs (IncRNAs) are new members in the
oncology field, containing 200 nucleotide (nt)-
long RNA molecules and stably existing in the
plasma and urine, with disease and tissue speci-
ficity and with no protein-coding potential*®. At
the present, they are being studied to suggest a
potentially pivotal role in tumor occurrence and
inhibition pathways’®. The IncRNAs are able to
identify complementary sequences, and this par-
ticular role is important to RNA in the post-tran-
scription, which involves cutting, editing, tran-
sport and translation™’. Wang et al'' found that
IncRNA-HULC can be used as molecular bait,
or can be called miRNA sponge, which can in-
fluence the expression of target protein RPK ACB
by regulating the expression of miR-372 in blad-
der cancer. Moreover, Yuan et al'? suggested that
TGF-beta promoted the expression of IncRNA-A-
TB in hepatocytes, which could play the function
of microRNA sponge. It could be specific to the
combination of miR-200 family, thus inhibiting
miR-200s as the function of anticancer microR-
NA, improving significantly the expression of
CDKU9/2, which is target gene of miR-200s, and
promoting the migration of bladder cancer'?. The
RNA component of mitochondrial RNA pro-
cessing endoribonuclease (RMRP), a IncRNA,
was first discovered in cartilage-hair hypoplasia
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(CHH), an autosomal recessive inherited disea-
se'®. Recently, some studies also found that IncR-
NA-RMRP played a very important role in tumor.
Shao et al'* demonstrated that IncRNA-RMRP
play a crucial role in the occurrence and pro-
gression of gastric cancer by acting as a miR-206
sponge. However, whether the IncRNA-RMRP
executed its function in bladder cancer remains
largely unclear. In this work, we aimed to detect
the expression of IncRNA RMRP in the bladder
cancer and explored the possible mechanism of
IncRNA RMRP affecting the malignant activity
of bladder cancer.

Patients and Methods

Patients

91 cases of bladder cancer (BC) tissue and
adjacent tissue were collected from Beijing Reha-
bilitation Hospital Affiliated to Capital Medical
University in Beijing City (Beijing, China) from
May 2016 to June 2017. All of the patients were
well informed and informed consents were also
signed. The tissues were divided into equal size
and frozen in liquid nitrogen after surgery. The
experiment protocol was approved by the Institu-
tional Review Board of the Beijing Rehabilitation
Hospital Affiliated to Capital Medical University
(Beijing, China).

Cell Culture

Normal urothelial cell line SV-HUC-1 and
bladder cancer cells BIU-87, T24 were purcha-
sed from the Institute of Cell Research, Chinese
Academy of Sciences (Shanghai, China). The SV-
HUC-1 and T24 cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) plus 10% fetal
bovine serum (FBS, Invitrogen, Carlsbad, CA,
USA). The BIU-87 was cultured in Roswell Park
Memorial Institute-1640 (RPMI-1640) Medium
plus 10% fetal bovine serum (FBS, Invitrogen,
Carlsbad, CA, USA). All cell lines were placed at
37°C with a humidified atmosphere of 5% CO, in
incubator.

RNA Extraction and Real-Time
Quantitative PCR Assays

Total RNA from tissue samples and transfected
cells was extracted by using TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA), following the
manufacturer’s protocol. Reverse transcription
polymerase chain reaction (RT-PCR) was perfor-
med using ABI PRISM 7000 Fluorescent Quan-

titative PCR System (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s
instructions. The GAPDH was used as a referen-
ce gene. The PCR primers for RMRP, glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH)
were as follows: RMRP, 5-ACTCCAAAGTCC-
GCCAAGA-3" and 5-TGC GTAACTAGAGG-
GAGCTGAC-3; GAPDH, 5-ACCCACTCC-
TCCACCTTTGAC-3" and 5-TGTTGCTGTAG
CCAAATTCGTT-3". All experiments were repe-
ated at least three times.

CCK8 Assays

The Cell Counting Kit-8 (Beyotime Inst. Bio-
tech, Shanghai, China) was used to determine the
cell proliferation, according to the manufactu-
rer’s instructions. Three replicate wells were set
in each group. CCK8 assay was done as follows:
the 96-well flat-bottomed plate was used to seed
6x10° cells/well, and grown at 37°C for 24 h, then
transfected with corresponding vector. Finally,
the absorbance was determined at 450 nm using a
microplate reader (Bio-Rad, Hercules, CA, USA).
The data were collected for 3 days. All experi-
ments were repeated at least three times.

Transwell Assay

The transwell insert (8 pm, Corning, Corning,
NY, USA) was used to determine the invasion BC
cells. After 24 h transfection, 5 x 10* cells were
first starved in 200 ml serum free medium and
then seeded in the dishes. The lower chamber
was filled with 500 ml of completed medium. We
incubated the cells for 48 h at 37°C, which had
migrated to the bottom surface of the filter mem-
brane; next, they were stained with 0.5% crystal
violet solution and photographed. At last, the ab-
sorbance was determined at a wavelength of 570
nm using a microplate reader (Bio-Rad, Hercules,
CA, USA). The whole experiments were repeated
at least three times.

Luciferase Assays

Wt-RMRP/mut-RMRP sequences were ampli-
fied and cloned into the downstream of the stop
codon of the firefly luciferase in basic vector (Pro-
mega, Madison, W1, USA).

Total RNA was extracted from HEK?293 cells,
which was reverse transcribed into cDNA. The
potential binding sites of pmiR-RMRP-WT and
mutant sequence pmiR-RMRP-MT were synthe-
sized into pmiR-GLO (Promega, Madison, WI,
USA). After that, miR-206 mimics and miR-206
negative control (NC) were co-transfected into
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HEK?293 cells with pmiR-GLO for 24 h. Renilla
expression vector was transfected into each group
to serve as a normalized control. 48 h after tran-
sfection, firefly and Renilla luciferase activities
were measured using Dual Luciferase Reporter
Assay System (Promega, Madison, W1, USA).

Western Blot Assays

Protein was extracted by RIPA lysis buf-
fer containing phenylmethylsulfonyl fluoride
(PMSF) (Beyotime Biotechnology, Shanghai,
China). The concentration of protein was detected
by the standard bovine serum albumin (BSA)
protein quantitation assay. 60 ug of samples were
added to sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) on a 10% dena-
turing gel. The protein was transferred to poly-
vinylidene difluoride (PVDF) membrane (Milli-
pore, Billerica, MA, USA) after electrophoresis,
and it was blocked in the 5% non-fat milk for
one half of an hour at room temperature. TBST
(Boster, China) was used to wash these membra-
nes, and then the membranes were put into the
primary antibody at 4°C overnight. We used the
second antibody to incubate these membranes, re-
spectively. Immunoblots were visualized by ECL
chemiluminescent detection system. The protein
bands were quantified by densitometry analysis in
Quantity One software (Bio-Rad, Hercules, CA,
USA), which were analyzed by GraphPad Prism
software (GraphPad, La Jolla, CA, USA).

Statistical Analysis

All statistical analyses were performed with
Statistical Product and Service Solutions (SPSS)
20.0 software (SPSS Inc., Armonk, NY, USA).
GraphPad Prism 7.0 (GraphPad, La Jolla, CA,
USA) software was used to draw graphs. The data
was expressed as the mean+SD, and each assay
was applied at least three independent experi-
ments or replicates. Multiple comparisons betwe-
en groups were performed using S-N-K method.
Student’s t-test, one-way analysis of variance
(ANOVA) and the rank-sum test were used by
actual conditions. p-value<0.05 was regarded as
statistically significant.

Results
LncRNA RMRP was Highly Expressed in
Heatmap and Patients with BC

To explore the differentially expressed IncRNA
of bladder cancer, we used the Affymetrix Ge-
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neChip Human Gene 2.0 ST Array to scanning
fluorescence.

Using small sample statistical learning and se-
condary test of random sampling, we found that
RMRP was highly expressed in heatmap of blad-
der cancer (Figure 1A). Furthermore, we used
gRT-PCR to detect the expression of RMRP in
BC tissues and adjacent tissues (Figure 1B). The
results showed that RMRP was high expressed in
BC tissues compared with adjacent tissues.

The Clinical Characteristic of RMRP

In order to explore the clinical significance
expression of RMRP in BC, we investigated the
clinical characteristic of RMRP. We measured
the expression level of RMRP from the clinic pa-
thological information of the patients. The results
revealed that RMRP was significantly higher in
tumor size > 3 cm compared with the tumor size
< 3 cm (Figure 2A). Meanwhile, it was dramati-
cally higher in lymph node metastasis compared
with non-lymph node metastasis (Figure 2B). Mo-
reover, we analyzed the relationship between the
expression of RMRP and the survival time of BC
patients. This result indicated that the BC patients
with low RMRP expression showed a better pro-
gnosis when compared with high level of RMRP
(Figure 2C). Collectively, our findings suggested
that the expression of RMRP was negatively cor-
related with the survival time of patients with BC.
The IncRNA RMRP was an important prognostic
index for BC patients.

Suppression of RMRP may Reduce
Proliferation, Migration and Invasion in
BC Cell Lines

To further study the role of IncRNA RMRP
in BC, we continued to research the function of
RMRP in cell proliferation, migration and inva-
sion. Previously, we already found that IncRNA
RMRP was closely related with tumor size and
lymph node metastasis of BC patients. Accor-
ding to the above results, we investigated whether
RMRP could influence the proliferation, migra-
tion and invasion of BC cell lines. Firstly, we used
the qRT-PCR to check the expression of RMRM
in BC cell lines. It was said that RMRP was higher
expressed in BIU-87 and T24, compared with
SV-HUC-1 (Figure 3A). And we transfected siR-
NAs into BIU-87 and T24, whose expression of
RMRM were down-knocked compared with con-
trol group (Figure 3B). CCK-8 was used to detect
the proliferation of BIU-87 and T24. We found
that silencing the expression of RMRP in BIU-
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Figure 1. LncRNA RMRP was highly expressed in heatmap and patients of BC. (4) LncRNA-RMRP was highly expres-
sed in heatmap of bladder cancer. (B) The expression of RMRP in the BC tissue and adjacent tissue was detected by qRT-PCR

assay. *** p<0.001.

87 and T24 would lead to the decrease of proli-
feration of BIU-87 and T24 (Figure 3C-D). Then,
we indicated that the migratory and invasion ca-
pacity of BIU-87 and T24 cells transfected with
siRNA-RMRP were significantly down-regulated
in comparison with the control group (Figure 3E-
F). These results revealed that the expression of
RMRP had a close relation with the proliferation,
migration and invasion in BC cell lines.

Overexpression of RMRP Improved the
Abilities of Proliferation, Migration and
Invasion in BC Cell Lines

To further validate the oncogenic roles of
RMRP in BC, we constructed BC cell lines with
the plasmid of IncRNA RMRP stable over-expres-

sion. We found that RMRP was overexpressed in
BIU-87 and T24 within overexpression vector
(Figure 4A). Subsequently, we checked the abi-
lity of proliferation, migration and invasion in
overexpressed BC cell lines (Figure 4B-E). The
results indicated that the RMRP overexpressed
in BIU-87 and T24 were higher ability of proli-
feration, migration and invasion. In conclusion,
the expression of IncRNA RMRP was associated
with the progression of BC in vitro.

LncRNA RMRP Could Directly Binds with
miRNA-206 in BC Cells

Accumulated reports demonstrated that IncRNA
play important role in regulating gene expression
by acting as miRNA sponges. Shao et al'* indica-
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Figure 2. The clinical characteristic of RMRP. (4) The
expression of RMRP in BC tissue was detected according
to the lymph node metastasis in tumor. * p<0.05. (B) The
expression of RMRP in BC tissue was detected according
to the tumor size. *** p<(0.001. (C) Association between pa-
tient’s survival time and expression of RMRP. ** p<0.01.

ted that RMRP promotes carcinogenesis by acting
as a miR-206 sponge in gastric cancer. To explore
whether RMRP could bind with miR-206, we used
luciferase reporter assay to work. We synthesized
the potential binding sequence into pmiR-GLO
vector, which was pmiR-RMRP-WT. And the mu-
tant binding sequence was also synthesized into
pmiR-GLO vector, which was pmiR-MEG3-MT
(Figure 5A). After miR-206 mimics and miR-206
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NC were transfected into BIU-87 cells for 24 h,
we checked the relative luciferase activity. We de-
monstrated that the luciferase activity of cells tran-
sfected with pmiR-RMRP-WT was significantly
decreased, compared with pmiR-GLO vector. And
the luciferase activity in pmiR-RMRP-MT was
increased, compared with transfected with pmiR-
RMRP-WT (p<0.01) (Figure 5B). To further in-
vestigate the potential association and oncogenic
functions between RMRP and miR-206, we used
20 serum specimens of BC patients to study the
correlation between the expression of RMRP and
miR-206. The data indicated that the expression
of miR-206 was negatively correlated with the
expression of RMRP (Figure 5C). Then, we ove-
rexpressed RMEP and found that significantly sup-
pressed the expression of miR-206; meanwhile, we
inhibited the expression of RMRP and the expres-
sion of miR-206 was increased (Figure 5D-E). In
summary, IncRNA RMRP was a target gene of
miR-206, which acted as an endogenous “sponge”
and promoted proliferation, migration and invasion
in BC cell lines.

Discussion

Bladder cancer is the most common genitou-
rinary deadliest tumor worldwide'*"". There are
no remarkable symptoms for BC patients at the
early stage so that the treatments for bladder can-
cers are less effective’™?’. Hence, searching new
prognostic and therapeutic targets are crucial to
develop the clinical strategies and outcomes of
bladder cancer. Growing evidence shows how
long non-coding RNAs (IncRNAs) involving
development, diagnosis, and prognosis in tumor
have been discovered. The IncRNAs are impor-
tant emerging members of non-coding RNA fa-
mily, which are longer than 200 nucleotides®'. An
increasing number of evidences have demonstra-
ted that IncRNAs modulate gene expression at
different processing levels, including chromatin
modification, transcription and posttranscriptio-
nal regulation®”. Liang et al* indicated that In-
cRNA H19 modulated the expression of multiple
genes involved in EMT by acting as a competing
endogenous RNA, which may build up the mis-
sing link between the regulatory miRNA network
and EMT progression. Zhou et al** found that H19
and miR-141 could compete with each other and
affect of their target genes in gastric cancer, pro-
viding important clues for understanding the key
roles of IncRNA-miRNA functional network in
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Figure 3. Suppression of RMRP may reduce of proliferation, migration and invasion in BC cell lines. (A) qRT-PCR was
used to measure the expression level of RMRP in the treated BIU-87 and T24 cells. ** p<0.01. (B) The expression of RMRP
was suppressed in the BC cell lines. *** p<0.001. (C) (D) CCKS assays were used to detect the proliferation ability of BC cell
after RMRP was suppressed. *** p<0.001, ** p<0.01. (E) (F) Transwell assay were used to detect the migration and invasion
of BC cell after RMRP was suppressed. ** p<0.01, * p<0.05.
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cancer. Zhan et al*® showed that DANCR plays a These studies proved that IncRNAs were im-
critical regulatory role in bladder cancer cell and portant in regulating the progression of tumor and
may serve as a potential diagnostic biomarker and other diseases. In addition, all the reports indica-
therapeutic target of BC. ted that IncRNAs can target a series of miRNA,
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Figure 4 Overexpression of RMRP improved the abilities of proliferation, migration and invasion in BC cell lines. (4)
The expression of RMRP was overexpressed in the BC cell lines. ** p<0.01. (B-C) CCK8 assays were used to detect the proli-
feration ability of BC cell after RMRP was overexpressed. ** p<0.01. (D-E) Transwell assay was used to detect the migration
and invasion of BC cell after RMRP was overexpressed. ** p<0.01.
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through the combination with miRNA and inhibi-
ting the negative regulation function of miRNA.
Thus, it could promote the expression of oncoge-
ne and lead to the development of tumor.

LncRNA RMRP was first discovered in carti-
lage-hair hypoplasia (CHH), an autosomal reces-
sive inherited disease". In gastric cancer, RMRP
also plays a crucial role in the occurrence and pro-
gression'*, However, the clinical significance and
biological function of RMRP in bladder cancer
remain unknown.

To the best of our knowledge, this is the first
report of RMRP being participated in the pro-
gression of bladder cancer. In our study, we found
that RMRP was up-regulated in heatmap of blad-
der cancer. Then, we demonstrated the expres-
sion level of RMRP was significantly higher in
bladder cancer tissues compared with adjacent
tissues, and the increased RMRP expression was
closely correlated with tumor size, lymph node
metastasis in BC patients. Furthermore, BC pa-
tients with high expression of RMRP have a poor
survival rate. Mechanistically, the RMRP was si-
gnificantly overexpressed in bladder cancer cell
lines, compared with normal urothelial cell line.
Furthermore, our data demonstrated that knock-
down or upregulation of the expression of RMRP
would inhibit or improve malignant phenotypes
(proliferation, migration, and invasion) of bladder
cancer cells. These findings indicate that IncRNA
RMRP may be a novel therapeutic strategy to tre-
at human bladder cancer.

As reported by Shao et al¥, RMRP promoted
carcinogenesis by acting as a miR-206 sponge in
gastric cancer. Thus, we studied whether miR-
206 was correlated with the expression of IncR-
NA RMRP. In this research, we validated RMRP
and miR-206 and they had a negative correlation.
Finally, we transfected IncRNA RMRP inhibitor,
which significantly up-regulated the expression
of miR-206 and transfected with RMRP promoter
significantly decreasing the expression of miR-
206. Taken together, these results indicate that
RMRP acts as a miR-206 sponge regulating the
progression of BC.

Conclusions

We firstly found that IncRNA-RMRP plays a
crucial role in the occurrence and progression of
bladder cancer in vivo and in vitro. Thus, RMRP
may be a potential target for treatment and predi-
cting the prognosis of bladder cancer.
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