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Background: Although previous studies have reported the abnormal expression of the protein
arginine methyltransferase 5 (PRMT5) in a variety of cancers, the function and potential mechanism of
PRMTS in bladder cancer (BCa) remain unclear. Therefore, we attempt to illuminate the biological and
clinicopathological significance of PRMTS expression in BCa in this work.

Methods: Analysis of the database from The Cancer Genome Atlas (TCGA) and a real-time quantitative
polymerase chain reaction (RT-qPCR) analysis were performed to assess the clinicopathological significance of
PRMTS in BCa. A PRMTS knockdown model was constructed by the lentivirus-mediated shRNA infection of
the SW780 cells to evaluate the biological function of PRMT'S in BCa cells using in vitro experiments.
Results: Based on results from data gathered from TCGA database and RT-qPCR, PRMTS was found
to be overexpressed in BCa tissues and cells. This result shows the potential value in the prognosis and
treatment of BCa. PRMTS5 expression was also negatively associated with overall survival (OS) (P=0.006,
log-rank test =7.537) and recurrence-free survival (RFS) (P=0.0179, log-rank test =5.606) in TCGA data.
Meanwhile, iz vitro experiments revealed a positive effect of PRMTS on cell proliferation and migration,
supporting PRMT'S as an essential oncogene.

Conclusions: In summary, the results suggest that PRMTS5 could be used as a common molecular

biomarker for the prognosis and treatment of BCa.
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Introduction depends on hematuria symptoms, cystoscopy, and urine

abscission cytology (4). Since these traditional techniques are

Bladder cancer (BCa) is 2 very aggressive malignant tumor in usually used to detect high-grade cancers, it is necessary to

the urinary system and has become the eighth most common study the molecular mechanisms of, and discover the novel

cancer worldwide (1). The incidence and mortality rate of

biomarkers for, the prognosis of BCa (5).

BCa have been clearly shown to increase with age (2). A high Protein arginine methyltransferase 5 (PRMT'5) belongs

recurrence rate is a significant feature of BCa (3), but an early
diagnosis and intervention for BCa patients can effectively
improve their survival rates. Currently, the diagnosis of BCa
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to the methyltransferase family (6), and is involved in a
wide range of cellular processes, such as the biosynthesis
of organelles and transcriptional regulation (7). PRMTS5
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can catalyze the methylation of arginine in multiple target
proteins, including histones, transcriptional elongation
factors, and the tumor suppressor p53. Arginine methylation
is an essential posttranscriptional protein modification
that plays a crucial role in cell function. Methylation of
H3 arginine 8 (H3R8) and H4 arginine 3 (H4R3) can
induce the silencing of tumor suppressor genes, such as the
suppressor of tumorigenicity 7 (ST7) and nonmetastatic 23
(NM23) (8). Abnormal expression of PRMTS5 has been
reported in many kinds of tumors, such as BCa (9,10),
hepatocellular carcinoma (11), cervical cancer (12), breast
cancer (13), lung cancer (14), glioma (15), and prostate
cancer (16). Recently, one study reported that circulating
PRMTS5 (circPRMTS5) was up-regulated in urothelial
carcinoma of the bladder (UCB) tissues when compared
with non-cancerous matched tissues, and its overexpression
was positively associated with an advanced T and N status.
Interestingly, this study also found that circPRMTS5 was
upregulated in both urine exosomes and serum from
UCB patients, and both could also be used in predicting
metastasis in UCB patients (9). Despite these studies, the
role of PRMTY in tumors is still not very clear.

In this work, the expression of PRMTS in BCa and its
clinicopathological significance were evaluated with an
analysis of The Cancer Genome Atlas (T'CGA) database
and RT-qPCR data. To further confirm the effect of
PRMTS5 on the proliferation and migration of BCa
cells, we constructed a PRMTS knockdown model by
lentivirus-mediated shRNA infection of SW780 cells. The
results showed that the expression level of PRMTS was
upregulated in BCa tissues and cells.

Methods
Data extraction from the TCGA database

The clinicopathological data of PRMTS5 in BCa
were downloaded from the TCGA database (https://
cancergenome.nih.gov/). Statistical analysis of TCGA
data was performed by SPSS 22.0 software (IBM), and
the expression levels of PRMTS are presented as the
mean = SD. The expression levels of PRMTS5 with
different clinicopathological parameters were evaluated
by independent sample 7-tests. All the BCa samples were
divided into two groups based on the mean value of the
PRMT'S expression. Overall survival (OS) and recurrence-
free survival (RFS) curves were utilized to measure the

influence of PRMTS on BCa prognosis.
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Cell culture

Human bladder transitional cell carcinoma (SW780),
human normal urothelial cells (SV-40-immortalized human
uroepithelial cells, SV-HUC-1), and human embryonic
kidney cells (293T) were purchased from the American
Type Culture Collection (ATCC). The SW780 and 293T
cells were cultured in DMEM (Invitrogen) supplemented
with a 10% fetal bovine serum (FBS) and 1% antibiotics
(100 U/mL penicillin and 100 pg/mL streptomycin
sulfate). The SV-HUC-1 cells were maintained in F12K
medium (Invitrogen, Carlsbad, CA, USA) with the same
concentrations of FBS and antibiotics. All cells were
cultured in incubators at 37 °C with a 5% CO, atmosphere.

Construction of stable cell lines

A lentivirus vector suppressing PRMTS gene expression
was designed and synthesized by Syngen Tech
(Beijing, China). The shRNA-PRMTS5 and control
shRNA were designed according to the PRMTS
gene sequence. The shRNA-PRMTS sequence was
5'-CAGGAAGAGGGCCTATTTCCC-3'; the control
shRNA sequence without significant homology was
5'-TAATTGTCAAATCAGAGTGCTT-3". Lentivirus
was produced by transfection of the plasmids into 293'T
cells using Lipofectamine 3000 (Invitrogen) according to
the manufacturer’s protocol. After transfection for 48 or
72 h, lentivirus was harvested and passed through a 0.45-pm
pore size filter (Millipore).

Next, the virus particles were concentrated and stored
at —80 °C. To construct the stable cell line, SW780 was
infected by the virus with polybrene (8 pg/mL, HanBio
Biotechnology, Pudong, China). At 48 h postinfection,
puromycin (1 pg/mL, Sigma—Aldrich, St. Louis, MO, USA)

was used to screen the stable cell line.

RNA extraction and real-time quantitative PCR

Total RNA was extracted with the TRIzol reagent
(Invitrogen, Grand Island, NY, USA) according to the
manufacturer’s protocols. The concentration of the total
RNA was measured by a NanoDrop spectrophotometer
(Thermo Scientific, Waltham, MA, USA). Total RNA was
reverse transcribed into cDNA using a Revertra Ace qPCR
RT Kit (Toyobo, Osaka, Japan). Real-time quantitative
polymerase chain reactions (RT-qPCRs) were performed
on the ABI PRISM 7000 Fluorescent Quantitative PCR
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system (Applied Biosystems, USA) with SYBR Green
Premix (TaKaRa Bio Inc., Shiga, Japan).

All samples were normalized to GAPDH. The 2*“ value
was used to calculate the gene expression levels. The primer
sequences used are as follows: PRMTS primers: forward,
S'"-TGTCTTCCATCCGCGTTTCA-3"; and reverse,
5'-AGCAGGAAAGCTGGAAGACC-3'. GAPDH primers:
forward, 5'-AATCCCATCACCATCTTCCAG-3"; and
reverse, 5'-TTCACACCCATGACGAACAT-3".

Western blot assay

Cells were washed in PBS and lysed in RIPA buffer (50
mM Tris-HCI pH 7.2, 150 mM NaCl, 1% NP40, 0.1%
SDS, 0.5% DOC, 1 mM PMSF, 25 mM MgCl,, and
supplemented with a phosphatase inhibitor cocktail). The
protein concentration was determined using the BCA
protein assay. Equal amounts of whole protein extract were
electrophoresed onto SDS—polyacrylamide gels and then
transferred to PVDF membranes (Millipore, Billerica, MA,
USA). Samples were blocked in a 5% dry milk solution and
incubated overnight with the primary antibodies (Abcam,
Cambridge, MA, USA). Then, the samples were incubated
with horseradish peroxidase-conjugated secondary antibody
(Amersham, Piscataway, NJ, USA) and immunoblots were
developed with SuperSignal chemiluminescence reagents
(Pierce Chemical Co.). The protein bands were quantified
using Image J analysis software (National Institutes of
Health, USA). Histograms were generated by normalizing
the amount of each protein to the GAPDH level detected
in the same extracted sample. Each experiment was repeated
three times.

Cell proliferation assay

The Cell Counting Kit-8 assay (CCK-8; TransGen,
Beijing, China) was used to assay cell proliferation. sShRINA-
PRMTS5 SW780 cells or control sShRNA SW780 cells were
cultured in 96-well plates for several hours (0, 24, 48, or
72 h). In total, 10 pL of CCK-8 reagent was added to each
well, and the cells were incubated for 2 h. A microplate
reader (Bio-Rad, Hercules, CA, USA) was used to measure
the absorbance at 450 nm.

Cell migration assay

Wound-healing and Transwell assays were used to
measure cell migration ability. For the wound-healing
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assay, cells were cultured in 6-well plates with DMEM
supplemented with 1% FBS and 1% antibiotics. A clear
line was generated by a sterile pipette tip, and the cells were
washed twice with PBS. At 0 or 24 h, the wound areas were
photographed using a digital camera system, and the cell
migration distance was calculated by the software program
HMIAS-2000.

Transwell inserts with 8.0 pm pores (Dow Corning
Corp., Midland, MI, USA) were used for Transwell assays.
In total, 4x10* SW780 cells were cultured in 200 pL serum-
free medium for 24 h and then placed in the uncoated
dishes. The lower chambers were filled with 500 pL of
medium containing 10% FBS. After 24 h, the migrated cells
under the surface of the filter membrane were washed twice
with 1x PBS, fixed with 4% paraformaldehyde, stained
with 0.1% crystal violet (Sigma-Aldrich), and washed three
times. Then, the invaded cells were photographed using an
inverted microscope.

Statistical analysis

SPSS 22.0 software (IBM) was used to perform the
statistical analyses. All data is presented as the mean *
SD. Independent samples #-tests and ANOVA were used
to compare the differences. Here, P<0.05 was considered
statistically significant (*P<0.05; **P<0.01).

Results
PRMTS was bighly expressed in BCa
In TCGA database, 407 BCa tissue samples and 19 adjacent

normal tissues were evaluated to assess the expression
levels of PRMTS in tumor tissues [Figure 14 (P<0.05) and
Figure 1B (P<0.01)]. We also measured the expression levels
of PRMTS by RT-qPCR in SW780 cells and SV-HUC-1
cells, coinciding with the results of TCGA database analysis
[Figure 1C (P<0.05)]. These results suggested that PRMT'S
was significantly upregulated in BCa cells.

PRMTS knockdown model constructed by lentivirus-
mediated shRNA infection of SW780 cells

To further investigate the biological role of PRMTS in
BCa cells, stable cell lines were constructed with SW780
cells. As shown in Figure 24, GFP expression confirmed
the successful packaging of the lentivirus in the 293T
cells. The produced viral particles were used to infect the
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Figure 1 The expression level of PRMTS in BCa tissues and cells. (A) Data on 407 BCa samples and 19 adjacent normal tissues from
TCGA database; (B) data on 19 BCa tissues and their adjacent normal tissues from TCGA database; (C) the expression levels of PRMTS
detected by RT-qPCR in SV-HUC-1 and SW780 cells. Data are presented as the mean = SD (n=3). ¥, P<0.05. PRMTS, protein arginine
methyltransferase 5; BCa, bladder cancer; TCGA, The Cancer Genome Atlas; RT-qPCR, real-time quantitative polymerase chain reaction.

SW780 cells, and PRMT'5 shRNA or control shRNA was
stably expressed. The GFP expression in the infected cells
was screened with puromycin (Figure 2B). The knockdown
efficiency was tested by RT-qPCR and a western blot
assay. The results showed that the lentivirus-mediated
shRNA had a specific effect on PRMTS in SW780 cells
and that the knockdown efficiency was approximately 70%
[Figure 2C (P<0.01)]. The results of the western blot showed
that the shRNA-PRMTS5 effectively reduced PRMT'S
protein expression in SW780 cells (Figure 2D).

The effect of PRMTYS knockdown on cell proliferation and
migration

The CCK-8 assay was used to verify the effects of the
PRMTS knockdown on growth and proliferation of
the BCa cells. The results showed that downregulation
of PRMTS could suppress the proliferation ability of
SW780 cells within 72 h [Figure 3 (P<0.01)]. Wound-
healing and Transwell assays were performed to assess
the effect of PRMTS on cell migration. In the wound-
healing assay, cell migration ability was evaluated by
calculating cell migration distances after a 24 h incubation.
The results showed that SW780 cell migration was
significantly inhibited due to PRMTS knockdown
[Figure 44,B (P<0.01)]. The results of the Transwell assay
were similar to the results of the scratch assay. As shown
in Figure 4C,D (P<0.01), PRMTS knockdown sharply
reduced the migration of SW780 cells. These results
indicated that downregulation of PRMTS5 can efficiently
inhibit cell migration.
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The relationship between clinicopathological features and
PRMTS expression in BCa

Information on 403 patients from TCGA database was
divided into two groups according to the average expression
of PRMTS. In Kaplan-Meier survival analyses, the log-rank
test was used to evaluate the effects of elevated PRMTS
expression on OS and RFS. According to the patient data
downloaded from TCGA database, PRMTS expression was
ranked, patients with missing survival data were eliminated,
and the median was selected as the cut-off value. Due to the
lack of follow-up data, the number of patients in the OS
and RFS groups was different. As shown in Figure 5, the
expression level of PRMTS was negatively correlated with
OS (P=0.006, log-rank test =7.537) and RFS (P=0.0179,
Log-rank test =5.606). However, other clinicopathological
features, such as tumor stage, neoplasm histologic grade,
the presence of lymph-vascular invasion, pathologic stage,
pathologic tumor, pathologic node, pathologic metastases,
and tumor location, were not correlated with the expression

level of PRMT' (data not shown).

Discussion

In this work, we investigated whether PRMT'S functions as
an oncogene that plays a vital role in BCa. The expression
level of PRM'T'S in BCa was examined by TCGA database
analysis and RT-qPCR, and the biological function of
PRMTS5 was further explored by the construction of
a PRMTS knockdown model. The expression level of
PRMTS5 in BCa tissues and cells was higher than that in

Transl Cancer Res 2019;8(2):491-498
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Figure 2 The PRMTS5 knockdown model constructed by lentivirus-mediated shRINA infection of SW780 cells. (A) The expression of GFP
fluorescence in 293T cells was detected during lentivirus packaging; (B) the expression of GFP fluorescence in infected SW780 cells screened
by puromycin; (C) the knockdown efficiency of PRMTS shRNA or control shRNA in infected SW780 cells measured by RT-qPCR. Data
are presented as the mean + SD (n=3); (D) representative images of western blot analysis of PRMTS5 protein expression in SW780 cells
transfected with the sShRNA-PRMT'S or the controls. **, P<0.01. Scale bar: 300 pm. PRMT'S, protein arginine methyltransferase 5; RT-

qPCR, real-time quantitative polymerase chain reaction.

adjacent normal tissues and normal urinary epithelial cells
(SV-HUC-1). PRMTS5 knockdown could significantly
inhibit the proliferation and migration of BCa cells.
These results demonstrated that PRMTS could be a novel
biomarker for the prognosis of BCa.

Through TCGA database analysis, RT-qPCR and
in vitro experiments, we comprehensively studied the
expression and function of PRMTS5 and evaluated the
relationship between PRMT'S and BCa clinical prognosis. A
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large number of samples in the database could compensate
for the limitations of our iz vitro experiments. The
database analysis also helped to preliminarily explore
the research direction, such as the high expression of
PRMTS in BCa and the association between PRMTS and
clinicopathological features. The RT-qPCR and in vitro
experiments were used to verify the conclusions further, and
their results were consistent with those of TCGA database
analysis in our study. Therefore, a combination of various

Transi Cancer Res 2019;8(2):491-498
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Figure 3 The effect of PRMTS5 knockdown on cell proliferation
detected by the CCK-8 assay. Data are presented as the mean = SD
(n=3). **, P<0.01. PRMTS, protein arginine methyltransferase 5.
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methods could effectively screen molecular targets for
tumor diagnosis and treatment.

Currently, the main tasks of cancer research are to find
new prognostic markers, to improve the early diagnosis
rate and to provide novel molecular targets. PRMTS
is an important member of the PRMT enzyme family.
Many studies have shown that PRMT enzymes are closely
related to DNA repair, signal transduction, and gene
transcription. As the most important symmetrical arginine
methyltransferase, PRMTS is widely expressed and
regulates many cellular functions, including differentiation,
proliferation, growth, and apoptosis.

PRMTS expression is abnormal during carcinogenesis
in such cancers as gastric cancer, hepatocellular carcinoma,
cervical cancer, breast cancer, lung cancer, glioma, and
prostate cancer (9-19). Silencing tumor suppressor genes,

such as SMAD7, RBL2, and NM23, ST7 (8,20,21), is one

W

Wound-healing assay

- -
o &)
T 1

Relative cell migration (%)
o
3

o
o

shRNA-  shRNA-
control PRMT5

O

Transwell assay

0.5F

Relative cell migration (%)

shRNA-  shRNA-
control PRMTS

Figure 4 The effect of PRMTS knockdown on cell migration detected by wound-healing and Transwell assays. (A) Images of SW780 cells
in the wound-healing assay; (B) quantitative analysis of the migration activity in the wound-healing assay after 24 h incubation; (C) images of
stained SW780 cells in Transwell assay; (D) quantitative analysis of the migration activity in Transwell assay. Data are presented as the mean
£ SD (n=3). **, P<0.01. Scale bar: 300 pm. PRMTS, protein arginine methyltransferase 5.
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Figure 5 Kaplan-Meier survival curves based on PRMTS expression levels in TCGA database. (A) Overall survival; (B) recurrence-free

survival. PRMT'S, protein arginine methyltransferase 5; TCGA, The Cancer Genome Atlas.

of the carcinogenic mechanisms of PRMTS. However,
to understand the complex and multifactorial processes
involved, such as tumor occurrence, growth and metastasis,
mechanisms and pathways are needed for further study. As
a potential biomarker for cancer prognosis, a study of the
molecular mechanism of PRMTS is critical. Therefore,
our subsequent research will focus on the mechanism of
PRMTS in BCa and provide a theoretical basis for PRMTS
to become an effective target for cancer therapy.

Conclusions

In summary, PRMTS5 was highly expressed in BCa, and
silencing of PRMTS expression could significantly inhibit
cell proliferation and migration. Based on the Kaplan-
Meier survival analyses, the expression level of PRMTS
was negatively correlated with the prognosis of BCa.
These results suggested that PRMTS plays a crucial role
in the growth of BCa and could be used as a novel tumor
biomarker for the prognosis and treatment of BCa.
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