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A b s t r a c t

Introduction: Prostate cancer (PCa) is the most common male genitourinary 
malignancy in the world. The protein arginine methyltransferase 5 (PRMT5) 
is one of the main members of the type II PRMT family, which was report-
ed to regulate androgen-dependent PCa cell proliferation. However, the up-
stream regulators of PRMT5 and its effects on androgen-independent PCa 
metastasis remained unclear. In the present study, we investigated whether 
PRMT5 could be a novel diagnostic marker and be used as a therapeutic tar-
get in PCa, to explore the possible molecular mechanism, and to understand 
the clinical importance of PRMT5 in PCa.
Material and methods: The present study evaluated PRMT5 expression 
levels in PCa and normal prostate samples using public datasets, includ-
ing TCGA, GEPIA and GSE21032. Furthermore, CCK-8 assay, flow cytometer 
assay, and transwell assay were conducted to detect the roles of PRMT5. 
Luciferase reporter assay was used to determine the relationship among 
ZFAS1/miR-150-5p/PRMT5. 
Results: Our results showed that PRMT5 was overexpressed in PCa sam-
ples. PRMT5 significantly promoted androgen-dependent PCa proliferation 
and cell cycle progression and suppressed cell apoptosis. However, PRMT5 
did not affect androgen-independent PCa proliferation but it could signifi-
cantly induce androgen-independent PCa metastasis. Knockdown of PRMT5 
suppressed, whereas overexpression of PRMT5 induced, cell migration and 
invasion in androgen-independent DU145 and PC-3 cells. Moreover, our re-
sults showed that the ZFAS1/miR-150-5p axis regulated PRMT5 expression 
in PCa cells. Furthermore, the study showed that ZFAS1 and PRMT5 were 
overexpressed and miR-150-5p was down-regulated in PCa samples. High-
er expression levels of ZFAS1 and PRMT5 were correlated with shorter dis-
ease-free survival time in PCa patients. 
Conclusions: These results showed that PRMT5 may be a therapeutic target 
for PCa.
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Introduction

Emerging studies have demonstrated that the changes of protein 
post-translational modification in oncogenes (such as VEGFR1 and 
MAP3K2) and tumor suppressors (such as p53 and RB1) [1–5] play an 
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important role in human tumorigenesis. The pro-
tein arginine methyltransferase (PRMT) family 
plays important roles in regulating the post-trans-
lational modification of multiple proteins, includ-
ing histone proteins and non-histone proteins 
[6]. Emerging studies have indicated that PRMT 
family members were dysregulated and involved 
in regulating the progression of human cancers, 
such as breast cancer, and lung cancer. Among 
these PRMT family members, the important roles 
of PRMT1, PRMT2, PRMT5 and PRMT7 have been 
demonstrated in cancers [7]. 

Prostate cancer (PCa) is the most common male 
genitourinary malignancy in the world [8]. Howev-
er, the biological mechanisms regulating PCa pro-
gression have remained elusive. Androgen recep-
tor (AR) is the most important regulator involved 
in modulating PCa proliferation, invasion and gly-
colysis [9, 10]. Speckle-type POZ (SPOP) is one of 
the most frequently mutated genes in PCa, whose 
mutations were associated with drug resistance, 
lipid accumulation and genomic stability [11–13]. 
Recent studies showed PRMT family members reg-
ulated the tumorigenesis, progression and devel-
opment of PCa through affecting multiple signaling 
pathways [14, 15]. For example, PRMT6 played an 
oncogenic role of in PCa [16]. PRMT10 is required 
for androgen-dependent proliferation of PCa LN-
CaP cells [17]. Therefore, to establish effective in-
dicators of prognosis and therapeutic strategies 
against this disease, we need a clearer realization 
of the molecular pathology of PCa.

PRMT5 is a main member of the type II PRMT 
family [18]. In human cells, PRMT5 commonly in-
teracts with MEP50 at the catalytic site and pro-
duces monomethylarginine [19]. Recent studies 
have indicated that PRMT5 plays a  regulatory 
role in promoting cancer progression [20]. PRMT5 
was observed to be overexpressed in multiple 
cancers, such as melanoma, lung cancer, ovar-
ian cancer, breast cancer and prostate cancer 
[21]. More PRMT5 was expressed in PCa tissues, 
which is positively correlated with AR expression. 
PRMT5 promotes PCa cell growth by epigenetic 
activation of AR transcription [22]. Inhibition of 
PRMT5 down-regulates AR expression and inhib-
its the growth of multiple AR-positive PCa cells 
[23]. A  previous study showed that ERG recruit-
ed PRMT5 to AR and methylate AR Arginine 761, 
which suppressed the recruitment and transcrip-
tion of AR target genes [24]. However, the effects 
of PRMT5 on PCa metastasis and the up-stream 
regulators of PRMT5 in PCa remained to be further 
investigated. 

In the present study, the expression of PRMT5 
in PCa was analyzed by using public datasets and 
the molecular functions of PRMT5 in PCa were in-
vestigated using loss-of function assays. The aims 

of the study were to investigate whether PRMT5 
could be a novel diagnostic marker and used as 
a therapeutic target in PCa, to explore the possi-
ble molecular mechanism, and to understand the 
clinical importance of PRMT5 in prostate carcino-
genesis.

Material and methods

Cell culture

LNCaP, 22RV1, DU145, and PC-3 were pur-
chased from the American Type Culture Collection 
(Manassas, VA) and confirmed by short tandem 
repeat (STR) analysis or mycoplasma detection, 
DNA fingerprinting, isozyme detection, and cell vi-
tality detection. These cells were cultured in RPMI 
1640 medium (with 10% fetal bovine serum, Bio-
chrom) at 37°C and in a 5% CO

2 humidified incu-
bator for further study. 

RNA interference

The siRNAs against the PRMT5 (siPRMT5-1, 
siPRMT5-2) and negative control (siNC) were syn-
thesized by GenePharma (Shanghai, China). The 
PCa cells were seeded and transfected in 12-well 
plates using Lipofectamine 3000 (Life Technol-
ogies), in accordance with the manufacturer’s 
instructions. The following siRNAs were used: 
siPRMT5-1: 5′- CAACAGAGAUCCUAUGAUU -3′; 
siPRMT5-2: 5′- AAGAGGGAGUUCAUUCAGGAA -3′; 
and a scrambled siRNA control: 5′- AAGUGAUAG-
GAAGUCAGUACG -3′. 

Plasmids and cell transfection 

Human cDNA of PRMT5 was obtained from Jia-
huai Han (Xiamen University) and cloned into plas-
mid pcDNA3.1(+) (Invitrogen). The PCa cells were 
seeded and transfected in 6-well plates with pcD-
NA3.1(+) or pcDNA3.1(+)-PRMT5 plasmid (800 ng/
well) using Lipofectamine 3000 (Life Technologies) 
according to the manufacturer’s instructions.

Real-time quantitative PCR 

Beyozol (Beyotime, China) was used to extract 
total RNA from PCa cells. BeyoRT First Strand 
cDNA Synthesis Kit (Beyotime, China) was used to 
perform the reverse transcription according to the 
manufacturer’s instructions. Real-time quantita-
tive PCR (RT-qPCR) was conducted using ABI Prism 
7900HT (Applied Biosystems, Foster City, CA). 
Primers for PRMT5 were: forward, 5′- TGAATTGTC-
GCCTGAGTGC-3′ and reverse, 5′- GGGATGCTCA-
CACCATCAT -3′. Primers for β-actin were: forward, 
5′- GAGCTACGAGCTGCCTGACG -3′ and reverse, 
5′- CCTAGAAGCATTTGCGGTGG -3′. Primers were 
synthesized by GenePharma (Shanghai, China). 
β-actin was selected as a  reference. The 2–ΔΔCt 
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method was used to calculate the relative mRNA 
expression. Each sample was run in triplicate [25]. 

Western blot analysis 

Cells were harvested 48 h post transfection, 
using RIPA lysis buffer RIPA (strong). BCA Protein 
Assay Kit (Beyotime, China) was used to detect 
the content of proteins according to the manu-
facturer’s instructions. 12% (w/v) polyacrylamide 
gel SDS-PAGE was used to separate proteins. 
β-actin was selected as a  reference. PRMT5 and 
ACTB were detected by monoclonal antibodies for 
PRMT5 and ACTB (1 : 1,000; Cell Signaling Tech-
nology, Beverly, MA, USA).

Cell proliferation assay

Cell Counting Kit-8 (CCK-8; Dojindo Laborato-
ries, Kumamoto, Japan) was used to measure cell 
proliferation according to the manufacturer’s in-
structions. After transfection, we measured the 
absorbance at 450 nm using a Microplate Reader 
at 0, 24, 48, 72, 96, and 120 h. The absorbance at 
630 nm was selected as a reference. Each sample 
was run in triplicate.

Cell cycle and cell apoptosis assay

Cell Cycle and Apoptosis Analysis Kit (Beyotime, 
China) was used to perform the cell cycle assay 
according to the manufacturer’s instructions. The 
cells were harvested 48 h post transfection. 1 ml 
of pre-cool 70% ethanol was added and mixed by 
gently pipetting, then placed at 4°C for 12 h. Then 
the cells were collected by centrifugation at 1000 g,  
3 min. The prepared Cell Cycle and Apoptosis Anal-
ysis Kit was added to each tube, and the cell pellet 
was slowly and fully resuspended, and left at 37°C 
for 30 min in the dark. The FACStar flow cytome-
ter (Becton-Dickinson, San Jose, CA) was used to 
measure the cell cycle.

Annexin V-FITC Apoptosis Detection Kit (Beyo-
time, China) was used to perform the cell apop-
tosis assay according to the manufacturer’s in-
structions. The cells were harvested and gently 
resuspended by adding 195 μl of Annexin V-FITC 
binding solution. Then 5 μl of Annexin V-FITC and 
10 μl of propidium iodide staining solution were 
added to the mixture and it was mixed gently. 
Then the mixture was incubated at room tem-
perature for 15 min in the dark, then placed in an 
ice bath. A  FACStar flow cytometer was used to 
measure the cell apoptosis.

Cell migration and invasion assay

Transwell plates (8-μm pore size, 6.5 mm di-
ameter; Corning Life Sciences, Lowell, MA) with or 
without Matrigel (BD) were used to conduct cell 

migration and invasion assays according to the 
manufacturer’s protocol. For migration, 100 ml of 
medium containing 1.5 × 104 cells (1% FBS) was 
added to the upper chamber. 700 ml of medium 
(10% FBS) was added to the lower chamber. 

ceRNA network construction

The lncRNA-miRNA interactions and miR-
NA-mRNA interactions were predicted using 
StarBase V2.0 (http://starbase.sysu.edu.cn/star-
base2/). The ceRNA regulatory network was es-
tablished based on lncRNA-miRNA-mRNA axes by 
combining lncRNA-miRNA interactions with miR-
NA-target gene interactions. Cytoscape v3.6.0 was 
used to visualize the ceRNA network.

Reporter constructs and luciferase assay

The Dual-Luciferase Reporter Assay System 
(Promega, USA) was used to perform the Lucifer-
ase assay. The predicted binding sites for miR-150 
in ZFAS1 and 3’-UTR of PRMT5 were inserted into 
psi-CHECK2 Dual-Luciferase miRNA Target Ex-
pression Vector (Promega, USA) within the XhoI/
NotI sites. Sequence integrity was confirmed by 
sequencing.

Statistical analysis

All data are shown as the mean ± standard de-
viation (SD). The SPSS software package, version 
15.0 (SPSS Inc., Chicago, IL) was used to perform 
statistical analysis. Student’s t test was used to 
determine significant differences between two 
groups. In order to compare the significant dif-
ferences among multiple groups (group ≥ 3), one-
way ANOVA followed by Tukey’s test was used. 
Kaplan-Meier curves with log ranking tests were 
conducted to assess the correlation between 
PRMT5 or ZFAS1 and survival time in patients with 
PCa. A value of p < 0.05 was selected as signifi-
cant.

Results

PRMT5 was overexpressed and correlated 
with poor prognosis of PCa

In order to further investigate the prognostic 
value of PRMT5 in PCa, we analyzed several public 
datasets, including TCGA and GEPIA. The results 
showed that the expression level of PRMT5 in PCa 
samples were significantly higher than that in nor-
mal prostate tissues by analyzing these datasets 
(Figures 1 A and B). Moreover, GSE21032 dataset 
analysis revealed that PRMT5 was up-regulated in 
metastasized PCa samples compared to primary 
PCa samples (GS < 7 PCa) and normal prostate tis-
sues (Figure 1 C), suggesting that PRMT5 may be 
involved in regulating PCa metastasis.
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Figure 1. PRMT5 was overexpressed and correlat-
ed with poor prognosis of PCa. A – TCGA and B – 
GEPIA datasets revealed that the expression level 
of PRMT5 in PCa samples was significantly higher 
than that in normal prostate tissues. C – GSE21032 
dataset analysis revealed that PRMT5 was up-reg-
ulated in metastasized PCa samples compared 
to primary PCa samples (GS < 7 PCa) and normal 
prostate tissue. D – The BFS (p < 0.01) was higher 
in PRMT5-low patients compared to PRMT5-high 
patients. E – The OS (p < 0.05) rate was higher in 
PRMT5-low patients compared to PRMT5-high pa-
tients

Furthermore, the association of PRMT5 expres-
sion with BCR-free survival (BFS) and overall sur-
vival (OS) in PCa patients was assessed by the Ka-
plan-Meier curve method. The cutoff point which 
divides all cases into PRMT5 high and PRMT5 low 
groups was the median PRMT5 mRNA expression 
in all PCa tissues. As shown in Figures 1 D and E,  
compared to PRMT5-high patients, the BFS  
(p < 0.01) and OS (p < 0.05) rates were higher in 
PRMT5-low patients in both datasets (p < 0.05, in 

both datasets), indicating that PRMT5 could be 
a potential biomarker for the prognosis of PCa.

Bioinformatics analysis of PRMT5 in PCa

In order to explore the potential functions 
PRMT5 in PCa, the present study conducted co-ex-
pression analysis and protein-protein interaction 
(PPI) network analysis to identify the downstream 
targets of PRMT5. The top key up-regulated PPI 
(Figure 2 A) and down-regulated PPI networks 
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Figure 2. Bioinformatics analysis of PRMT5 in PCa. A – The top key up-regulated protein-protein interaction (PPI) 
networks of the downstream targets of PRMT5. B – The top key down-regulated PPI networks of the downstream 
targets of PRMT5. C – The biological processes and pathways involved in the top key up-regulated PPI networks
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Figure 2. Cont. D – The biological processes and pathways involved in the top key down-regulated PPI networks

(Figure 2 C) are shown in Figure 2. Bioinformat-
ics analysis revealed that PRMT5 was involved 
in regulating multiple biological processes and 
pathways, such as cell junction assembly, angio-
genesis, cell−cell adhesion, cell proliferation, and 
spliceosome (Figures 2 B and D). These analyses 
were consistent with previous studies indicating 
that PRMT5 could promote PCa proliferation.

PRMT5 promotes proliferation of androgen-
dependent PCa, not androgen-independent 
PCa

The mRNA levels of PRMT5 were evaluated in 
the normal prostate WPMY-1 cells and human 
PCa cell lines, including LNCaP, DU145, and PC-3 
by qRT-PCR analyses, respectively (Supplementa-
ry Figure S1 C). Our results showed that mRNA 
levels of PRMT5 were significantly induced in 
PCa LNCaP, 22RV1, DU145, and PC-3 compared 
to normal WPMY-1 cells. These results suggested 
that the overexpression of PRMT5 might be posi-
tively correlated with the progression of prostate 
cancer.

To characterize the function of PRMT5 in 
PCa, PRMT5 expression was knocked down at 
the mRNA and protein levels by PRMT5 siRNA. 
PRMT5-specific siRNA substantially decreased 
PRMT5 mRNA and protein levels in PCa cells com-
pared with the siRNA control (NC) (Figures 3 A–C). 
Then, the present study detected the effect of 
PRMT5 on cell proliferation in PCa using the CCK-
8 assay. The results showed that the proliferation 
rate of the androgen-dependent PCa LNCaP cell 
line was significantly reduced after transfection 
with siPRMT5-1 and siPRMT5-2 compared to cells 
treated with the siNC (p < 0.001, Figure 3 D). In-

terestingly, our results showed that knockdown 
of PRMT5 did not affect the cell proliferation of 
androgen-independent PCa DU145 and PC-3 cells 
(Figures 3 E and F).

Subsequently, the present study validated the 
above finding through overexpressing PRMT5 in 
PCa cells. After the plasmid containing PRMT5 
gene was transfected in PCa, a significant increase 
of PRMT5 gene expression was detected (Figures 
3 G–I). Our results showed that overexpression of 
PRMT5 remarkably enhanced the proliferation of 
LNCaP cells (p < 0.05, Figure 3 J) and did not sig-
nificantly promote DU145 and PC3 proliferation 
(Figure 3 K and L). Taken together, these results 
showed that PRMT5 promotes proliferation of 
androgen-dependent PCa, not androgen-indepen-
dent PCa.

PRMT5 promotes the cell cycle progression 
of androgen-dependent PCa, not androgen-
independent PCa

Next, the effect of PRMT5 on the cell cycle pro-
gression of LNCaP and DU145 cells was assessed 
by flow cytometry. As presented in Figure 4, the 
results showed that knockdown of PRMT5 in LN-
CaP cells significantly increased the percentage 
of G1 phase cells and reduced the percentage of  
S and G2/M phase cells compared to the NC group  
(p < 0.001; Figure 4 A). However, our results 
showed that silencing of PRMT5 in DU145 cells  
did not change the percentage of G1 phase cells 
and S phage cells compared to the NC group (Fig-
ure 4 B). Furthermore, the present study found 
that PRMT5 overexpression significantly promoted 
the cell cycle by reducing G1 phase and inducing  
S phase cells in LNCaP cells, not in DU145 cells.
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Figure 3. PRMT5 promotes proliferation of androgen-dependent PCa, not androgen-independent PCa.  
A–C – PRMT5-specific siRNA-1,2 substantially decreased PRMT5 mRNA levels in PCa cells LNCaP, DU145 and PC3. 
D – Knockdown of PRMT5 significantly reduced the proliferation rate of androgen-dependent PCa LNCaP cell line 
compared to cells treated with siNC (p < 0.001). E, F – Knockdown of PRMT5 did not affect the cell proliferation of 
androgen-independent PCa DU145 and PC-3 cells
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PRMT5 suppressed cell apoptosis  
of androgen-dependent PCa

Cell apoptosis plays crucial roles in regulating 
cancer proliferation. The present study conduct-
ed Annexin V-FITC/PI assay to detect the effect 

of PRMT5 on cell apoptosis in PCa. As shown in 
Figure 4 C, knockdown of PRMT5 using siPRMT5-1 
and siPRMT5-2 significantly increased the early 
and late apoptotic cell fractions by 18% and 37.5% 
in LNCaP cells, respectively. However, knockdown 
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Figure 3. Cont. G–I – Overexpression of PRMT5 significantly increased PRMT5 gene expression in PCa cells LN-
CaP, DU145 and PC3. J – Overexpression of PRMT5 remarkably enhanced proliferation of LNCaP cells (p < 0.05).  
K, L – Overexpression of PRMT5 did not significantly promote DU145 and PC3 proliferation
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of PRMT5 had no effect on the androgen-indepen-
dent DU145 apoptosis (Figure 4 D).

PRMT5 promotes cell migration and 
invasion of androgen-independent PCa

Considering that PRMT5 did not affect the 
proliferation of androgen-independent PCa, the 

present study hypothesized that PRMT5 might 
be involved in promoting androgen-independent 
PCa metastasis. First, the present study performed 
transwell assay to detect the effect of PRMT5 
overexpression on PC-3 and DU145 cell migra-
tion. Our results showed that overexpression of 
PRMT5 remarkably enhanced PC-3 and DU145 
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Figure 4. PRMT5 promotes cell cycle progression and cell apoptosis of androgen-dependent PCa, not androgen-in-
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cell migration ability (Figures 5 A, B, E, F). Of note, 
the present study found that knockdown PRMT5 
significantly decreased PC-3 and DU145 cell mi-
gration ability compared to control groups in PC-3 
and DU145 cells (Figures 5 C, D, G, H). 

Furthermore, the present study detected the 
effect of PRMT5 on cell invasion in PCa by estimat-
ing the penetration of cells through Matrigel in 
a transwell chamber. As illustrated in Figure 6, the 
present study found that knockdown of PRMT5 
significantly inhibited cell invasion in DU145 and 
PC-3 (Figure 6 A) and PC-3 cells (Figure 6 C). The 
numbers of invading cells were decreased in PC-3 
and DU145 cells transfected with siPRMT5, com-
pared with the negative control group (p < 0.001, 
Figures 6 B and D).

These results indicated that PRMT5 significant-
ly increased invasion, and migration of andro-
gen-independent PCa cells.

Identification of the potential competing 
endogenous RNA networks involved in 
PRMT5 regulation in PCa

The upstream regulators of PRMT5 in PCa re-
mained largely unknown. Long non-coding RNAs 
had been demonstrated as a class of key important 
regulators of PCa progression. The present study for 
the first time constructed the potential competing 
endogenous RNA networks involved in PRMT5 reg-
ulation in PCa. The present study first conducted 
a  co-expression network based on the correlation 
analysis between the PRMT5 and differently ex-
pressed lncRNAs. The present study selected the 
PRMT5-lncRNA pair with the Pearson correlation 
coefficient > 0.4 for further study. Then, the pres-
ent study predicted potential miRNAs targeting the 
PRMT5-lncRNA pair using StarBase, TargetScan, and 
miRcode. Then, the competing endogenous RNA 
networks were presented using Cytoscape software. 
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As shown in Figure 7 A, a total of 17 lncRNAs 
(including GAS5, SNHG3, SNHG7, ZFAS1) and 26 
miRNAs were included in this network. The most 
significantly co-expressing lncRNAS of PRMT5 
in PCa included HCG18, SNHG7, SNHG8, GAS5, 
ZFAS1, and SNHG3 (Figure 7 B-G). 

The present study focused on the ZFAS1/miR-
150-5p axis in PCa. ZFAS1 and miR-150-5p had 
been reported to be dysregulated and involved 
in the regulation of human cancer progression. 
However, their roles in PCa remained unclear. 

This study for the first time showed that ZFAS1 
was significantly overexpressed in PCa and cor-
related with shorter disease-free survival time 
in patients with PCa (Figures 8 A and B). More-
over, the present study found that the expres-
sion levels of miR-150-5p were negatively cor-
related with both ZFAS1 and PRMT5 expression 
levels in PCa (Figures 8 C and D). These results 
suggested that the FAS1/miR-150-5p axis may 
participate in the regulation of PRMT5 expres-
sion in PCa.
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control groups

ZFAS1 acted as a ceRNA to up-regulate 
PRMT5 expression though miR-150-5p

Then, the present study detected the expres-
sion levels of ZFAS1 and PRMT5 after overex-
pressing miR-150-5p in PC-3 and DU145 cells. 
As presented in Figures 8 E and G, our results 
showed that the RNA levels of ZFAS1 and PRMT5 
were significantly reduced after overexpressing 
miR-150-5p in PC-3 and DU145 cells using RT-
PCR assay. Western blot assay also showed that 

the protein levels of PRMT5 were significantly 
decreased in PC-3 and DU145 cells transfected 
with miR-150-5p compared to normal samples 
(Figure 8 H).

Furthermore, the direct interaction between 
miR-150-5p and PRMT5 or ZFAS1 was detected us-
ing luciferase assays. The luciferase reporter assay 
revealed that luciferase activity was significantly 
repressed in the constructs of the ZFAS1 (Figure 8 F)  
and PRMT5 -3’UTR (Figure 8 I) when co-trans-
fected with the corresponding miRNAs compared 
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Figure 6. PRMT5 promotes cell invasion of androgen-independent PCa. Knockdown of PRMT5 significantly inhibit-
ed cell invasion in DU145 (A, B) and PC-3 cells (C, D)

with NC, whereas the mutated 3’UTR did not show 
a significant response to miR-150-5p.

ZFAS1 promoted cell migration and 
invasion of PCa though PRMT5

As presented in Figures 9 A and B, the present 
study found that knockdown of ZFAS1 significant-
ly inhibited migration of PC-3 5 cells by 75% com-
pared with the NC group, respectively. Moreover, 
knockdown of ZFAS1 significantly inhibited inva-
sion of PC-3 cells by 47% compared with the NC 
group (Figures 9 C and D), respectively.

To test whether ZFAS1 promoted cell migration 
and invasion of PCa though PRMT5, the present 
study conducted rescue experiments. PC-3 cells 
co-transfected with siZFAS1 and PRMT5 signifi-
cantly enhanced the PC-3 cell migration abili-
ty compared to the cells only transfected with  
siZFAS1 (Figures 9 A–D). 

Discussion

PRMT5 was regarded as an oncogene in human 
cancers by regulating multiple cancer related regu-
lators, such as TP53 and PDCD4 [26]. For example,  
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Figure 7. The potential competing endogenous RNA networks involved in PRMT5 regulation in PCa. A – A total of 
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Figure 8. ZFAS1 acted as a ceRNA to up-regulate PRMT5 expression though miR-150-5p. A – ZFAS1 was signifi-
cantly overexpressed in PCa. B – ZFAS1 was correlated with shorter disease-free survival time in patients with PCa. 
C – The expression level of miR-150-5p was negatively correlated with ZFAS1 expression levels in PCa. D – The 
expression level of miR-150-5p was negatively correlated with PRMT5 expression levels in PCa. E – Overexpression 
of miR-150-5p significantly reduced the RNA levels of ZFAS1 in PC-3 and DU145 cells. F – Overexpression of miR-
150-5p significantly decreased the luciferase activity of ZFAS1

20

10

***

8

6

4

2

0

100

80

60

40

20

0

4.0

3.5

3.0

2.5

1.5

1.0

0.5

0

1.5

1.0

0.5

0

4.5

4.0

3.5

3.0

2.5

2.0

A B

C

E F

D

ZF
A

S1
 e

xp
re

ss
io

n 
le

ve
ls

 (
× 

10
00

)

Bi
oc

he
m

ic
al

 r
ec

ur
re

nc
e 

fr
ee

 s
ur

vi
va

l (
%

)

PR
M

T5
 e

xp
re

ss
io

n 
le

ve
ls

Re
la

ti
ve

 Z
FA

S1
 le

ve
ls

Re
la

ti
ve

 lu
ci

fe
ra

se
 le

ve
ls

ZF
A

S1
 e

xp
re

ss
io

n 
le

ve
ls

	 Normal	 Tumor

	 0	 50	 100	 150	 200

         Time (months)
          Hihg        Low

	 0	 1	 2	 3	 4

         miR-150 expression levels

	 miR-150	 NC	 miR-150	 NC 	 NC	 miR-150	 NC	 miR-150

	 ZFAS1	 ZFAS1-mut

	 0	 1	 2	 3	 4

         miR-150 expression levels

**
**

*



Hao Shen, Lei Wang, Ling Zhang, Xiao-Dong Weng, Du Yang, Xiu-Heng Liu

16� Arch Med Sci

Figure 8. Cont. G – Overexpression of miR-150-5p 
significantly reduced the RNA levels of PRMT5 in 
PC-3 and DU145 cells. H – Overexpression of miR-
150-5p significantly reduced the protein levels of 
PRMT5 in PC-3 and DU145 cells. I – Overexpression 
of miR-150-5p significantly decreased the lucifer-
ase activity of PRMT5
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the methylation of p53 by PRMT5 inhibits the ex-
pression of pro-apoptotic and anti-proliferative 
genes, thereby maintaining tumor cell self-re-
newal and proliferation. The methylation of E2F1 
mediated by PRMT5 suppressed its activity to in-
hibit cancer proliferation [27]. PRMT5 has been 
observed to be overexpressed in various human 
cancers, such as melanoma, lung cancer, ovarian 
cancer, breast cancer and prostate cancer [21]. Of 
note, recent studies indicated that PRMT5 plays 
crucial roles in PCa tumorigenesis and develop-
ment though affecting AR. AR is the most import-
ant regulator in PCa progression. Previous studies 
showed that PRMT5 promotes PCa cell growth by 
epigenetic activation of AR transcription. Inhibi-
tion of PRMT5 down-regulates AR expression and 
inhibits the growth of multiple AR-positive PCa 
cells [22, 24]. However, the effects of PRMT5 on 
PCa metastasis remained unclear. The present 
study conducted loss/gain of function assay to 
evaluate the roles of PRMT5 in PCa. Our results 
showed that PRMT5 significantly promoted an-
drogen-dependent PCa proliferation and cell cycle 
progression and suppressed cell apoptosis. How-
ever, PRMT5 did not affect androgen-independent 
PCa proliferation. These results were consistent 
with previous reports and AR may play a key role 
in the regulation of PRMT5 functions in andro-

gen-dependent PCa. Very interestingly, this study 
showed that PRMT5 could significantly induce an-
drogen-independent PCa metastasis. Knockdown 
of PRMT5 suppressed, whereas overexpression of 
PRMT5 induced, cell migration and invasion in an-
drogen-independent DU145 and PC-3 cells. 

The up-stream regulators of PRMT5 remained 
largely unclear. A previous study showed that nu-
clear factor Y (NF-Y) transcriptional activation of 
PRMT5 is required for cell growth and is regulat-
ed by PKC /c-Fos signaling in prostate cancer cells 
[21]. Several miRNAs, such as miR-92b and miR-96, 
were also reported to be involved in the post-tran-
scriptional regulation of PRMT5 in human cancers 
[28]. The present study for the first time showed 
that long non-coding RNAs were also involved 
in promoting PRMT5 expression in PCa though 
ceRNA mechanisms. LncRNAs are a novel class of 
RNA transcripts longer than 200 nucleotides. Lnc
RNAs were found to be dysregulated in multiple 
cancers and regulated cancer related processes 
though binding to miRNAs, protein and DNAs. For 
example, lncRNA HULC promote PCa progression 
[29], lncRNA PVT1 promote multiple myeloma pro-
gression by inhibiting miR-203a expression [30], 
and lncRNA MIAT promoted epithelial ovarian cell 
proliferation and inhibited cell apoptosis by inhib-
iting miR-330-5p expression [31]. The most well-
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expression of PRMT5 could rescue the invasion

known mechanism of lncRNAs regulating targets 
is the ceRNA mechanism [32]. Also, ceRNAs show 
importance in regulating cancer progression [33]. 
For example, SNHG20 promotes PCa cell prolifer-
ation and migration via acting as a ceRNA to up-
regulate DDX17 [34]. The present study conducted 
bioinformatics analysis and constructed a ceRNA 
network involved in regulating PRMT5 expression 
in PCa. The further validation showed that ZFAS1 
could up-regulate PRMT5 expression though 
sponging miR-150-5p. 

LncRNA ZFAS1 had been reported to be up-reg-
ulated in several types of cancers, including he-
patocellular carcinoma, colorectal cancer, gastric 
cancer, and glioma [35]. For example, ZFAS1 pro-
motes tumorigenesis through regulation of miR-
150-5p/RAB9A in melanoma [36]. Knockdown 
of ZFAS1 suppresses the progression of acute 
myeloid leukemia by regulating microRNA-150/
Sp1 and microRNA-150/Myb pathways [37]. 
SP1-induced ZFAS1 contributes to colorectal can-
cer progression via the miR-150-5p/VEGFA axis 



Hao Shen, Lei Wang, Ling Zhang, Xiao-Dong Weng, Du Yang, Xiu-Heng Liu

18� Arch Med Sci

[38]. In ovarian cancer, ZFAS1 was reported to 
promote ovarian cancer cell malignancy by inter-
acting with miR-150-5p [39]. These reports were 
consistent with our finding that ZFAS1 could in-
teract with miR-150-5p in PCa. Of note, this study 
for the first time demonstrated that ZFAS1 acted 
as a metastasis promoter in PCa. Knockdown of 
ZFAS1 could significantly reduce PCa migration 
and invasion. Moreover, our study showed that 
ZFAS1 promoted cell migration and invasion of 
PCa though PRMT5. Interestingly, our study an-
alyzed the expression levels of ZFAS1, miR-150-
5p and PRMT5 in PCa using a TCGA dataset. Our 
results showed that ZFAS1 and PRMT5 were 
overexpressed and miR-150-5p was down-regu-
lated in PCa samples. Higher expression of ZFAS1 
and PRMT5 was correlated with shorter disease 
free survival time in PCa patients. Moreover, the 
present study found that the expression levels 
of miR-150-5p were negatively correlated with 
both ZFAS1 and PRMT5 expression levels in PCa. 
These results suggested that the ZFAS1/miR-
150-5p axis may participate in the regulation of 
PRMT5 expression in PCa.

In conclusion, the present study showed that 
PRMT5 promoted androgen-dependent PCa pro-
liferation and androgen-independent PCa migra-
tion and invasion. PRMT5 knockdown decreased 
and PRMT5 overexpression enhanced DU145 and 
PC3 migration and invasion. Moreover, our results 
showed that the ZFAS1/miR-150-5p axis regulat-
ed PRMT5 expression in PCa cells. Furthermore, 
the present study showed ZFAS1 and PRMT5 were 
overexpressed and miR-150-5p was down-regu-
lated in PCa samples. Higher expression of ZFAS1 
and PRMT5 was correlated with shorter disease 
free survival time in PCa patients. These results 
showed that PRMT5 may be a therapeutic target 
for PCa.

Acknowledgement

Hao Shen and Lei Wang have contributed 
equally to this work. 

This study was supported by the National Nat-
ural Science Foundation of China (No. 81972408), 
Application and Basic Research Project of Wuhan 
City (No. 2018060401011321), Wuhan Morn-
ing Light Plan of Youth Science and Technology 
(2017050304010281), Hubei Province Health 
and Family Planning Scientific Research Proj-
ect (No. WJ2017M025 No. WJ2017Z005 and No. 
WJ2018H209), Natural Science Foundation of 
Hubei Province (No. 2016CFB114, 2017CFB181) 
and Research Project of Wuhan University (No. 
2042017kf0097).

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	Hamamoto R, Saloura V, Nakamura Y. Critical roles of 

non-histone protein lysine methylation in human tum-
origenesis. Nat Rev Cancer 2015; 15: 110-24.

2.	Colon-Bolea P, Crespo P. Lysine methylation in cancer: 
SMYD3-MAP3K2 teaches us new lessons in the Ras-ERK 
pathway. Bioessays 2014; 36: 1162-9.

3.	Hamamoto R, Toyokawa G, Nakakido M, Ueda K, Naka
mura Y. SMYD2-dependent HSP90 methylation pro-
motes cancer cell proliferation by regulating the chaper-
one complex formation. Cancer Lett 2014; 351: 126-33.

4.	Viktorsson K, Lewensohn R, Zhivotovsky B. Systems bi-
ology approaches to develop innovative strategies for 
lung cancer therapy. Cell Death Dis 2014; 5: e1260.

5.	Banyra O, Tarchynets M, Shulyak A. Renal cell carcino-
ma: how to hit the targets? Centr European J Urol 2014; 
66: 394-404.

6.	Guccione E, Richard S. The regulation, functions and 
clinical relevance of arginine methylation. Nat Rev Mol 
Cell Biol 2019; 20: 642-57.

7.	Yang Y, Bedford MT. Protein arginine methyltransferases 
and cancer. Nat Rev Cancer 2013; 13: 37-50.

8.	Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 cancers in 
185 countries. CA Cancer J Clin 2018; 68: 394-424.

9.	Lima AR, Bastos ML, Carvalho M, Guedes DPP. Biomark-
er discovery in human prostate cancer: an update in 
metabolomics studies. Transl Oncol 2016; 9: 357-70.

10.	Vaz CV, Marques R, Alves MG, et al. Androgens enhance 
the glycolytic metabolism and lactate export in prostate 
cancer cells by modulating the expression of GLUT1, 
GLUT3, PFK, LDH and MCT4 genes. J Cancer Res Clin  
Oncol 2016; 142: 5-16.

11.	Hjorth-Jensen K, Maya-Mendoza A, Dalgaard N, et al. 
SPOP promotes transcriptional expression of DNA re-
pair and replication factors to prevent replication stress 
and genomic instability. Nucleic Acids Res 2018; 46: 
9484-95. Erratum: 9891.

12.	Yan M, Qi H, Li J, et al. Identification of SPOP related 
metabolic pathways in prostate cancer. Oncotarget 
2017; 8: 103032-46.

13.	Barbieri CE, Demichelis F, Rubin MA. Molecular genet-
ics of prostate cancer: emerging appreciation of genetic 
complexity. Histopathology 2012; 60: 187-98.

14.	Cha B, Jho EH. Protein arginine methyltransferases 
(PRMTs) as therapeutic targets. Expert Opin Ther Tar-
gets 2012; 16: 651-64.

15.	Baldwin RM, Morettin A, Cote J. Role of PRMTs in cancer: 
Could minor isoforms be leaving a mark? World J Biol 
Chem 2014; 5: 115-29.

16.	Stein C, Riedl S, Ruthnick D, Notzold RR, Bauer UM. The 
arginine methyltransferase PRMT6 regulates cell prolif-
eration and senescence through transcriptional repres-
sion of tumor suppressor genes. Nucleic Acids Res 2012; 
40: 9522-33.

17.	Harada N, Takagi T, Nakano Y, Yamaji R, Inui H. Protein 
arginine methyltransferase 10 is required for andro-



PRMT5, regulated by lncRNA ZFAS1/miR-150-5p, promoted androgen-independent prostate cancer migration and invasion

Arch Med Sci� 19

gen-dependent proliferation of LNCaP prostate cancer 
cells. Biosci Biotechnol Biochem 2015; 79: 1430-7.

18.	Rho J, Choi S, Seong YR, Cho WK, Kim SH, Im DS. PRMT5, 
which forms distinct homo-oligomers, is a member of 
the protein-arginine methyltransferase family. J Biol 
Chem 2001; 276: 11393-401.

19.	Timm DE, Bowman V, Madsen R, Rauch C. Cryo-electron 
microscopy structure of a human PRMT5: MEP50 com-
plex. PLoS One 2018; 13: e193205.

20.	Scoumanne A, Zhang J, Chen X. PRMT5 is required for 
cell-cycle progression and p53 tumor suppressor func-
tion. Nucleic Acids Res 2009; 37: 4965-76.

21.	Zhang HT, Zhang D, Zha ZG, Hu CD. Transcriptional ac-
tivation of PRMT5 by NF-Y is required for cell growth 
and negatively regulated by the PKC/c-Fos signaling in 
prostate cancer cells. Biochim Biophys Acta 2014; 1839: 
1330-40.

22.	Deng X, Shao G, Zhang HT, et al. Protein arginine meth-
yltransferase 5 functions as an epigenetic activator of 
the androgen receptor to promote prostate cancer cell 
growth. Oncogene 2017; 36: 1223-31.

23.	Hu C, Deng X, Beketova E, Owens J, Malola J. Cotargeting 
of Androgen Synthesis and Androgen Receptor Expres-
sion as a Novel Treatment for Castration Resistant Pros-
tate Cancer. Purdue University West Lafayette, United 
States, 2017.

24.	Mounir Z, Korn JM, Westerling T, et al. ERG signaling in 
prostate cancer is driven through PRMT5-dependent 
methylation of the androgen receptor. Elife 2016; 5: 
e13964.

25.	Livak KJ, Schmittgen TD. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 
2(-Delta Delta C(T)) Method. Methods 2001; 25: 402-8.

26.	Richters A. Targeting protein arginine methyltransferase 
5 in disease. Future Med Chem 2017; 9: 2081-98.

27.	Putzer BM, Engelmann D. E2F1 apoptosis counterat-
tacked: evil strikes back. Trends Mol Med 2013; 19: 89-98.

28.	Pal S, Baiocchi RA, Byrd JC, Grever MR, Jacob ST, Sif S. 
Low levels of miR-92b/96 induce PRMT5 translation 
and H3R8/H4R3 methylation in mantle cell lymphoma. 
EMBO J 2007; 26: 3558-69.

29.	Zheng P, Li H, Xu P, et al. High lncRNA HULC expression 
is associated with poor prognosis and promotes tumor 
progression by regulating epithelial-mesenchymal tran-
sition in prostate cancer. Arch Med Sci 2018; 14: 679-86.

30.	Yang M, Zhang L, Wang X, Zhou Y, Wu S. Down-regu-
lation of miR-203a by lncRNA PVT1 in multiple myelo-
ma promotes cell proliferation. Arch Med Sci 2018; 14: 
1333-9.

31.	Shao S, Tian J, Zhang H, Wang S. LncRNA myocardial 
infarction-associated transcript promotes cell prolifera-
tion and inhibits cell apoptosis by targeting miR-330-5p 
in epithelial ovarian cancer cells. Arch Med Sci 2018; 14: 
1263-70.

32.	Tay Y, Rinn J, Pandolfi PP. The multilayered complexity 
of ceRNA crosstalk and competition. Nature 2014; 505: 
344-52.

33.	Qi X, Zhang DH, Wu N, Xiao JH, Wang X, Ma W. ceRNA 
in cancer: possible functions and clinical implications. J 
Med Genet 2015; 52: 710-8.

34.	Wu X, Yan W, Ji Z, Zheng G, Liu G. Long noncoding RNA 
SNHG20 promotes prostate cancer progression via 
upregulating DDX17. Arch Med Sci 2019; https://doi.
org/10.5114/aoms.2019.85653.

35.	Dong D, Mu Z, Zhao C, Sun M. ZFAS1: a novel tumor-re-
lated long non-coding RNA. Cancer Cell Int 2018; 18: 125.

36.	Liang L, Zhang Z, Qin X, et al. Long noncoding RNA 
ZFAS1 promotes tumorigenesis through regulation of 
miR-150-5p/RAB9A in melanoma. Melanoma Res 2019; 
29: 569-81.

37.	Gan S, Ma P, Ma J, et al. Knockdown of ZFAS1 suppresses 
the progression of acute myeloid leukemia by regulat-
ing microRNA-150/Sp1 and microRNA-150/Myb path-
ways. Eur J Pharmacol 2019; 844: 38-48.

38.	Chen X, Zeng K, Xu M, et al. SP1-induced lncRNA-ZFAS1 
contributes to colorectal cancer progression via the 
miR-150-5p/VEGFA axis. Cell Death Dis 2018; 9: 982.

39.	Xia B, Hou Y, Chen H, et al. Long non-coding RNA ZFAS1 
interacts with miR-150-5p to regulate Sp1 expression 
and ovarian cancer cell malignancy. Oncotarget 2017; 
8: 19534-46.


	_neb19B95D57_6D43_488D_919B_FFABC10F83CE
	_neb8A0E2F94_C22F_4614_8F5B_EDA23EE149D5
	_nebC63CA9D4_B2BA_46A7_8D79_587796B95B8C
	_neb08D2DCC0_C613_496C_98BD_AB9A1A5D8373
	_nebFA6886AB_A89C_4AE2_B8E0_69F9EBFE0EE7
	_neb1419217A_59BC_4BE3_9B0B_4C3628937BE6
	_neb82587018_09F9_4815_9AD2_D53A227C09B0
	_nebCBDAAE08_228D_42AE_A712_45EF644C445C
	_neb56EAB731_443D_4FE6_A6B5_F0CEFF2BC479
	_neb3038B2E3_61FC_49DE_A967_1A0C4C018A19
	_neb3BD7FF0D_610E_4984_9F36_EBE45F914855
	_nebB48245E9_9559_4048_9DAF_BADDE9725506
	_nebE8C7D60D_644B_484E_B03E_09C36B9BC952
	_neb6AAFB110_BEB7_4945_9D2F_6A926CAB55D9
	_nebF80C871C_F4D7_482F_B0B0_81FD1A97DB6F
	_neb9DA75B95_3FA3_40F8_B51B_9F13B5D67C51
	_nebE350DC27_85D2_4EB5_94CC_760A96343943
	_neb9B1174C3_3CC8_4882_AAB6_E2381D9A24B1
	_nebE77A350C_3C82_40B3_984C_BDC10EAA3D9E
	_neb1A544802_266E_4C71_8502_CB925E944AAD
	_neb6C8002F5_FF04_4E4C_ADF5_4748727A1B99
	_nebCF4D4862_3140_4FF5_8777_738660C5D26B
	_nebAB6100B3_AE27_4BB0_97BB_FCF1F3ABAF87
	_neb5D3C82EB_1EA6_4E49_B343_BDD19228039B
	_neb72A8CDE6_881F_471A_9483_D16482F36C57
	_neb40D7C17F_B61A_45F4_94B7_103CAB37030A
	_nebB50BC8C6_C216_458C_8B6A_3259EAD5AB8C
	_neb743B8D1B_8DB6_4543_B138_00C7D1F6F85E
	_neb5F721708_B396_4E5F_B630_7CF6774D1DD5
	_neb8B59553E_D406_47D1_A31A_102800A5AF3D
	_nebB16B3A88_A3FE_4C4E_8366_50DFCA221FC6
	_nebD8E8F417_C5A4_47CD_B1E2_6663285D8CF8
	_nebF13B1705_4F69_4433_9479_24D67B26597D
	_neb40809C00_1F28_4858_8E1E_E294434D9761
	_neb2E40269A_463D_44D9_BDEC_AD23ACF5A830
	_neb424CB166_93E2_44D0_9243_815753E8DC14
	_neb148D8201_7BA5_4BAF_8EBF_1806C4DCCF23
	_nebE9E5CBA9_CFC5_4F66_8A91_86D5FB50C610
	_neb19456BD0_83C4_4FDB_9941_C76311B0AD0C

