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Introduction: Prostate cancer (PCa) is one of the most common malignancies, and almost

all patients with advanced PCa will develop castration-resistant prostate cancer (CRPC) after

receiving endocrine therapy. Effective treatment for patients with CRPC has not been

established. Novel approaches are needed to identify therapeutic targets for CRPC.

Purpose: Recent research studies have found that members of the 14-3-3 family play an

important role in the development and progression of PCa. Previous results have shown that

14-3-3 ɛ is significantly upregulated in several cancers. This study aimed to identify novel

miRNAs that regulate 14-3-3 ɛ expression and therapeutic targets for CRPC.

Methods: In this study, we used computation and experimental approaches for the predic-

tion and verification of the miRNAs targeting 14-3-3 ɛ, and investigated the potential roles of

14-3-3 ɛ in the survival and proliferation of 22RV1 cells.

Results: We confirm that mir-31-5p is downregulated in 22RV1 cells and acts as a tumor

suppressor by regulating 14-3-3 ɛ. Ectopic expression of miR-31-5p or 14-3-3 ɛ interference

significantly inhibits cell proliferation, invasion, and migration in 22RV1 cells, as well as

promotes cell apoptosis via the PI3K/AKT/Bcl-2 signaling pathway. Moreover, 14-3-3 ɛ is

required for the miR-31-5p-mediated upregulation of the PI3K/AKT/Bcl-2 signaling

pathway.

Conclusion: Our findings provide information on the underlying mechanisms of miR-31-

5p/14-3-3 ɛ in 22RV1 cell proliferation and apoptosis through the PI3K/AKT/Bcl-2 signaling

pathway. These results suggest that miR-31-5p and 14-3-3 ɛ may potentially be utilized as

novel prognostic markers and therapeutic targets for PCa treatment.

Keywords: prostate cancer, miR-31-5p, 14-3-3 ε, PI3K/AKT/Bcl-2 pathway, cell

proliferation, cell apoptosis

Introduction
Prostate cancer (PCa) is one of the most common malignancies and the second most

prevalent cancers in men worldwide.1 Approximately 5% of diagnosed patients

develop locally advanced PCa, while 10% evolve to distant metastasis.2 Early-stage

PCa can be treated with androgen deprivation therapy (ADT). However, almost all

patients with advanced PCa will develop castration-resistant prostate cancer

(CRPC) after receiving endocrine therapy.3 CRPC is also referred to as hormone-

refractory or androgen-independent prostate cancer (AIPC).4 AIPC is an incurable

PCa that bypasses the normal pathway of androgen-dependent growth and survival.

Generally, treatment with androgen ablation eventually leads to AIPC.5 Although
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the androgen receptor (AR) is an effective way to treat

metastatic castrate-resistant prostate cancer (mCRPC),6

29,430 people died of PCa in the USA in 2018.7 AR is a

ligand-activated transcription factor that regulates numer-

ous target genes, including prostate-specific antigen

(PSA).8 Recently, one study showed that members of the

14-3-3 family play an important role in the development

and progression of PCa, which can regulate the transcrip-

tion of PSA through the AR.8 This family may be used as

a novel target for the diagnosis and treatment of PCa.9

14-3-3 Proteins are a family of conserved regulatory

molecules that are expressed in eukaryotic cells.10 14-3-3

Proteins regulate intracellular signaling pathways through

the phosphorylation of serine/threonine motifs of target

proteins that are related to signal transduction, protein

trafficking, cell cycle, and apoptosis.11 In mammals,

14-3-3 proteins consist of nine isoforms, including two

phosphorylated forms (α and δ) that are encoded by

seven genes (β, γ, ε, ζ, η, σ, and τ).12 14-3-3 ε, which is

encoded by the YWHAE gene on chromosome 17,13 is a

major regulator of apoptotic pathways critical to cell sur-

vival and plays a key role in the development of hepato-

cellular carcinoma,14 lung cancer,15 breast cancer,16 vulvar

squamous cell carcinoma,17 follicular and papillary thyroid

tumors,18 meningioma,19 HCC,20 and gastric cancer.21 KO

and his colleagues analyzed the pathological specimens of

114 patients with liver cancer and found that the high

expression of 14-3-3ε protein was associated with the

migration of liver cancer.20 Liou et al found that the stable

expression of 14-3-3ε in HT-29 cells prevented apoptosis,

as well as elucidated a novel mechanism by which non-

steroidal anti-inflammatory drugs could induce apoptosis

in colorectal cancer cells through the PPAR/14-3-3ε
pathway.22 Liang et al found that the expression of 14-3-

3ε was upregulated by 1.44-fold in renal cancer tissues,

and in vitro experiments confirmed that 14-3-3ε could

promote the abnormal proliferation of renal tumor cells.23

Li et al used proteomics to compare the protein expression

of different metastatic breast cancer cell lines and found

that the expression level of 14-3-3ε in lowly metastatic

tumor cells was higher than that in highly metastatic cell

lines.16 Recently, Alex and colleagues9 have suggested

that 14-3-3ε and other family members play an important

role in the development and progression of PCa, and thus

can be potentially used as drug targets in the treatment of

PCa. In addition, 14-3-3ε may serve as a novel prognostic

biomarker or therapeutic target for HCC,14 breast cancer,12

and HIV neurocognitive impairments.24 Although

previous studies have indicated that 14-3-3ε can be used

as drug targets in the treatment of PCa, its specific

mechanism remains unclear. Currently, chemotherapeutic

drugs that target 14-3-3ε in PCa mainly include docetaxel

and a non-peptidic small-molecule inhibitor of SFN

known as BV02.9 However, due to the harmful side effects

of chemotherapeutic drugs, there is an urgent need to

identify safer therapies for PCa.

MicroRNAs (miRNAs) are a class of small non-coding

RNAs with a length of 18–26 nucleotides (nt) that can

regulate gene expression through post-transcriptional

repression or mRNA degradation. Several studies have con-

firmed that multiple miRNAs are involved in the prolifera-

tion, progression, and metastasis of various cancers.25–27

Therefore, screening miRNAs involved in regulating 14-3-

3 ɛ expression and exploring the molecular mechanism

underlying miRNA-mediated proliferation and apoptosis

of PCa cells are of great significance for the early diagnosis

and targeted drug therapy of PCa.

In this study, we used computation and experimental

approaches for the prediction and verification of miRNA

targeting 14-3-3 ɛ and investigated the potential roles of

14-3-3 ɛ in the survival and proliferation of PCa cells.

Online database analysis identified five potential

miRNAs that target 14-3-3 ɛ. We demonstrated that miR-

31-5p negatively regulates the expression of 14-3-3 ɛ via

its 3ʹUTR. In addition, our studies revealed that the upre-

gulation of miR-31-5p inhibits PCa cell proliferation, inva-

sion, and migration, as well as increased the activity of the

PI3K/AKT/Bcl-2 signaling pathway. Moreover, 14-3-3 ɛ is

required for the miR-31-5p-mediated upregulation of the

PI3K/AKT/Bcl-2 signaling pathway. In conclusion, our

results suggest that miR-31-5p might inhibit PCa cell pro-

liferation and promote cell apoptosis by targeting 14-3-3 ɛ

via the PI3K/AKT/Bcl-2 signaling pathway, which pro-

vides evidence that miR-31-5p and 14-3-3 ε may be poten-

tially utilized as prognostic biomarkers and therapeutic

targets for PCa treatment.

Materials and Methods
miRNA Screening
According to the recognition mechanism of miRNAs and

mRNAs, TargetScan (www.targetscan.org; version 7.2),

miRSystem (mirsystem.cgm.ntu.edu.tw; version 21),

miRanda (www.microrna.org; version 2010), and PicTar

(www.pictar.org; version 2007) were used to predict

miRNAs that potentially bind to the 3ʹ-UTR of 14-3-3ɛ.
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The five miRNAs (has-miR-155-5p, has-miR-31-5p,

has-miR-29a-3p, has-miR-29b-3p, and has-miR-29c-3p)

with high screening scores were selected as candidates

by logical estimates.

Cells and Antibodies
The human normal prostate stromal immortalized cell line

WPMY-1 and three human PCa cell lines PC3, 22RV1,

and LNCaP were purchased from Shanghai Zhong Qiao

Xin Zhou Biotechnology Co., Ltd. LNCaP cells were

cultured in RPMI-1640 medium (Gibco-BRL, Invitrogen;

Paisley, UK), supplemented with 10% FBS, 1% penicillin-

streptomycin, 2% HEPES, 1% Glutamax (Invitrogen,

35050, USA), and 1% sodium pyruvate (Invitrogen,

11360070, USA). WPMY-1, PC3, and 22RV1 cells were

cultured in DMEM high-glucose medium/F12 (1:1) med-

ium, RPMI-1640 medium (Gibco), and EMEM medium

(Zhong Qiao Xin Zhou, Shanghai, China), respectively,

and supplemented with 10% fetal bovine serum (Gibco)

and 1% penicillin-streptomycin. All cells were maintained

at 37°C in 5% CO2 atmosphere. The 22RV1 cell line was

derived from a xenograft human PCa epithelial cell line, is

androgen-independent, and can respond to androgen after

endocrine therapy.28,29 In addition, this cell line expresses

androgen receptor (AR). Based on these properties, we

used 22RV1 cells in the cell phenotype validation test.

Anti-GAPDH (Cat. No. 60004-1-Ig), anti-14-3-3ɛ (Cat.

No. 66946-1-Ig), anti-PI3K (Cat. No. 67071-1-Ig), anti-

AKT (Cat. No. 60203-1-Ig) mouse monoclonal antibodies,

anti-BAD (Cat. No. 10435-1-AP), and anti-BAX (Cat. No.

50599-2-Ig) rabbit polyclonal antibodies were purchased

from Proteintech (Proteintech, Wuhan, China). Anti-cas-

pase-3 (#9668), phosphor-PI3K (Ser249) (#13857), and

phosphor-AKT (Ser473) (#4060) mouse monoclonal anti-

bodies were purchased from Cell Signaling Technology

(Cell Signaling Technology, Carlsbad, CA, USA). Rabbit

monoclonal antibodies against Bcl-2 (ab182858) and cas-

pase-9 (ab202068) were purchased from Abcam

(Abcam, USA).

Plasmid Construction
All enzymes used for cloning procedures were purchased

from TakaRa Company. The miR-31-5p binding site in the

3ʹ-UTR of 14-3-3ɛ was identified by bioinformatics analy-

sis using microRNA.org (http://www.microrna.org/micro

rna/home.do). The wild-type fragment 3ʹ-UTR of 14-3-3ɛ

that contained potential miR-31-5p binding sites at posi-

tion 608–614 was amplified from the cDNA derived from

22RV1 cells using the following primers: 5ʹ-CCCT

CGAGACATTTGAAAGCCATTAGACT-3ʹ (forward)

and 5ʹ-GCGTCG ACAGGTTGAGCGAGCGAAG-3ʹ

(reverse), and then subcloned into pmirGLO to create

pGL-WT-14-3-3 ɛ/3ʹUTR. The mutant-type fragment 3ʹ-

UTR of 14-3-3ɛ was directly synthesized by Shanghai

Qingke Biotechnology Co., Ltd. (Shanghai, China) and

then subcloned into pmirGLO to create pGL-MT-14-3-

3ɛ/3ʹUTR. 14-3-3ɛ cDNAs were obtained by RT-PCR

using 22RV1 cells and subcloned into pCI-neo

(Clontech/Takara) plasmids. All recombinant plasmids

were confirmed by PCR, restriction digestion, and DNA

sequencing. For 14-3-3ɛ silencing, a pool of four different

double-stranded siRNAs (Table 1) targeting 14-3-3 ɛ or

scrambled control siRNAs were synthesized by Shanghai

Qingke Biotechnology Co., Ltd. (Shanghai, China). All

siRNA experiments were performed at least three times.

Cell Transfection and Western Blotting
The constructed plasmids, miRNA mimics (has-miR-31-5p,

negative control; GenePharma Co., Ltd., Shanghai, China),

miRNA inhibitors (has-miR-31-5p inhibitor, microRNA

inhibitor N.C.; GenePharma Co., Ltd., Shanghai, China),

pCI- neo-14-3-3 ɛ, pCI-neo, siRNAs (si-RNA1, si-RNA2,

si-RNA3, and si-RNA4), and siRNA negative control were

transfected into 22RV1 cells using FuGENE® HD

Transfection Reagent (Promega, USA) after cells were

grown to 70–80% confluency, with 2500 ng of plasmid or

50 nM miRNA mimics used per well in 6-well plates. The

22RV1 cells were harvested at 36 h post-transfection (hpt) to

extract cellular proteins. The lysates (50 μg) were resolved

by SDS-PAGE and transferred onto PVDF membranes.

Table 1 The Information of 14-3-3 ɛ siRNAs in This Paper

siRNA

Name

Sequences of siRNA (5ʹ→3ʹ)

h-14-3-3 ɛ-

siRNA-1

Sense GCUGAGCGAUACGACGAAATT

Antisense UUUCGUCGUAUCGCUCAGCTT

h-14-3-3 ɛ-

siRNA-2

Sense GCUGCUAGUGAUAUUGCAATT

Antisense UUGCAAUAUCACUAGCAGCTT

h-14-3-3 ɛ-

siRNA-3

Sense CAAAAGCAGCUUUUGAUGATT

Antisense UCAUCAAAAGCUGCUUUUGTT

h-14-3-3 ɛ-

siRNA-4

Sense GCAGUUGUUACGUGAUAAUTT

Antisense AUUAUCACGUAACAACUGCTT

Negative

control

Sense UUCUCCGAACGUGUCACGUdTdT

Antisense ACGUGACACGUUCGGAGAAdTdT
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Antibodies against GAPDH, BAD, Bcl-2, caspase-9, cas-

pase-3, and 14-3-3 ɛ were used to detect the effect of over-

expressing or inhibiting miR-31-5p or 14-3-3 ɛ on the

expression of proteins mentioned above in 22RV1 cells.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted from 22RV1 cells using the

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and

reversely transcribed into cDNA using ThermoFisher

Scientific Revert Aid First Strand cDNA Synthesis Kit.

qRT-PCR was performed on a BioRad C1000 detection

system (BioRad) using a QuntiFast® SYBR® Green PCR

kit (QIAGEN) following the manufacturer’s instructions.

The RNA expression levels of 14-3-3 ɛ or the five

miRNAs were calculated relative to the expression of

GAPDH or U6 small nuclear RNA. Reverse and qRT-

PCR primers that were designed by software Primer 5.0

and Oligo 7.0 are shown in Tables 2 and 3. The data were

analyzed using the 2−ΔΔCT method.

Luciferase Reporter Assay
22RV1 cells were co-transfected with miRNA or nega-

tive control, together with 100 ng of pGL3-WT-14-3-3ɛ/

3ʹ UTR or pGL3-MT-14-3-3ɛ/3ʹ UTR and 100 ng con-

trol vector pGL3 (Promega, Madison, WI, USA) using

FuGENE® HD Transfection Reagent according to the

manufacturer’s protocol. The cells were harvested at

24 hpt and subjected to the Dual-Glo® Luciferase

Assay System (Promega, USA). The cells were seeded

into 96-well plates with each well containing 75 μL of

Dual-Glo® Luciferase Reagent, mixed, and incubated for

20 min. Firefly luminescence activity was later mea-

sured using a multi-mode microplate reader (BioTek,

Winooski, VT, USA). Later, an equal volume of Dual-

Glo® Stop & Glo® Reagent was added to each well, and

then Renilla luciferase activity was measured using the

same method earlier described. The results were

expressed as the ratio of firefly to Renilla luciferase

activity for each well.

CCK-8 Assay
An Enhanced Cell Counting Kit-8 (CCK-8) (Saint-Bio,

Shanghai, China) was used to determine cell viability.

Briefly, cells were transfected with miR-31-5p and nega-

tive control using FuGENE® HD transfection reagent. The

22RV1 cells were seeded into 96-well plates at a density of

1 × 105 cells/well and incubated for 12 h. Then, cell

viability was measured at 0, 24, 48, and 72 h after trans-

fection. At each time point, 100 μL culture medium was

harvested and then mixed with 10 μL of the CCK-8

reagent. The plates were incubated at 37°C for 3 h. The

absorbance was measured at a wavelength of 490 nm

using a multi-mode microplate reader (BioTek). All

experiments were performed in sextuplicate.

Table 2 MicroRNA Reverse Primers Were Used in This Study

Gene Name Sequence (5ʹ→3ʹ)

Stem loop sequence GGTCGTATGCAAAGCAGGGTCCGAGGTATCCATCGCACGCATCGCACTGCATACGACC

RT-miR-155-5p GGTCGTATGCAAAGCAGGGTCCGAGGTATCCATCGCACGCATCGCACTGCATACGACCAACCCCTA

RT-miR-31-5p GGTCGTATGCAAAGCAGGGTCCGAGGTATCCATCGCACGCATCGCACTGCATACGACCAGCTATGC

RT-miR-29a-3p GGTCGTATGCAAAGCAGGGTCCGAGGTATCCATCGCACGCATCGCACTGCATACGACCTAACCGAT

RT-miR-29b-3p GGTCGTATGCAAAGCAGGGTCCGAGGTATCCATCGCACGCATCGCACTGCATACGACCAACACTGA

RT-miR-29c-3p GGTCGTATGCAAAGCAGGGTCCGAGGTATCCATCGCACGCATCGCACTGCATACGACCTAACCGAT

R-U6 AACGCTTCACGAATTTGCGT

Note: Underlined sequences indicate miRNA interaction sites in the 3ʹ-untranslated region.

Abbreviations: RT, reverse transcription; R, reverse; miR, microRNA.

Table 3 qRT-PCR Primers Used in This Study

Gene Name Sequence (5ʹ→3ʹ) Amplified

Length

(bp)

miR-155-5p/Q-F CGCGCTTAATGCTAATCGTGA 82

miR-31-5p/Q-F CAAGAGGCAAGATGCTGGCA 79

miR-29a-3p/Q-F TCCCGTAGCACCATCTGAAAT 80

miR-29b-3p/Q-F TCGGCTAGCACCATTTGAAAT 81

miR-29c-3p/Q-F GGCGGTAGCACCATTTGAAAT 80

miR-Universal/Q-R CAAAGCAGGGTCCGAGGTATC

14-3-3 ɛ/Q-F TAAAATGAAAGGGGACTACCACA 161

14-3-3 ɛ/Q-R TGAGAGCAAGACCTAAGCGAATA

GAPDH-F AAATCCCATCACCATCT 116

GAPDH-R CCCCAGCCTTCTCCAT

U6-F CTCGCTTCGGCAGCACA 93

U6-R AACGCTTCACGAATTTGCGT

Abbreviations: miR, microRNA; F, forward; R, reverse; Q-F, quantitative polymer-

ase chain reaction forward primer; Q-R, quantitative polymerase chain reaction

forward primer.
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Transwell® Assay
Transwell® assays were performed to measure the invasion

ability of 22RV1 cells. For the cell invasion assay, 100 μL
of diluted Matrigel® was added to the bottom center of the

chamber and incubated at 37°C for 3 h. Then, 2 × 105 cells

were added into the Transwell® inserts of 8 mm in size in

24-well plates (Corning Inc., Corning, NY, USA). Then, the

upper Transwell® chambers were mixed with 150 μL
serum-free medium, and the bottom chamber contained

medium with 20% FBS as chemoattractant. After 24 h

incubation at 37°C, the inserts were washed thrice with

phosphate-buffered saline (PBS), fixed with 800 μL metha-

nol for 30 min, and then stained with Giemsa for 30 min at

room temperature. Cell invasion was quantified by counting

the number of cells in five random fields. The data were

expressed as the average number of cells per insert.

Scratch Wound Healing Assays
22RV1 cells were plated into 6-well plates with complete

medium and incubated overnight until 70% confluency.

Cells were transfected with the appropriate plasmid or

microRNA. A 100-μL sterile pipette tip was used to gen-

erate a wound in the cell layer at 6 hpt. The plates were

then washed with PBS to remove the scraped cells. Cell

migration distance across the same scraped area was cap-

tured at 0 h and 24 h. Each test was conducted indepen-

dently in triplicate.

Apoptosis Assay
Apoptosis was detected using an Annexin V-FITC apoptosis

detection kit containing Annexin V-FITC and propidium

iodide (PI). The 22RV1 cells were seeded into six-well

plates at a density of 3 × 105 per well and maintained in

complete medium for 12 h until 70% confluency. The cells

were then transfected with miR-31-5p, pCI-14-3-3ε, miR-

31-5p + pCI-14-3-3ε, or their respective control. At 48 hpt,

the cells were washed once with PBS, harvested, and cen-

trifuged at 1000g for 5 min. Then, the cells were incubated

in 195 μL of Annexin V-FITC binding buffer with 5 μL of

Annexin V-FITC and 10 μL of PI for 20 min at room

temperature in the dark. Annexin staining was measured

by fluorescence microscopy (Nikon, Japan).

Statistical Analysis
The results of this study were expressed as the mean ± SD of

at least three independent experiments. T-test and multiple

comparisons with LSD were performed wherever

appropriate using GraphPad Prism software ver. 6.0; differ-

ences with P values <0.01 were considered extremely sig-

nificant, whereas those with P values <0.05 were considered

significant. “*” represents P < 0.05 and “**” represents

P < 0.01 in the t-test. However, when multiple comparisons

were performed, different capital letters indicate extremely

significant difference (P < 0. 01), different lowercase letters

indicate significant difference (P < 0. 05), and the same letter

indicates no significant difference (P > 0. 05).

Results
Screening and Identification of miRNAs

Targeting 14-3-3 ɛ
Bioinformatics analysis using TargetScan, miRanda, and

DIANA identified five candidate miRNAs, including miR-

155-5p, miR-31-5p, miR-29a-3p, miR-29b-3p, and miR-

29c-3p. Then, the transfection efficiency of miRNAs was

assessed at 24 and 48 hpt in the treatment group, negative

control, and blank group. The results showed that five candi-

date miRNAs reached an extremely significant difference

(P < 0.01) both at 24 hpt and 48 hpt (Figure 1A). To screen

the more effective miRNA that regulates the expression of

14-3-3 ɛ genes, the inhibition efficiency of the five miRNAs

on the 14-3-3 ɛ genes were analyzed by qRT-PCR and dual

luciferase activity experiments at 24 hpt (Figure 1B). The

results demonstrated that miR-31-5p and miR-29b-3p signif-

icantly decreased 14-3-3ɛ mRNA expression (P < 0.01),

whereas miR-29a-3p and miR-29c-3p significantly increased

14-3-3ɛmRNA expression in PC3 cells (P < 0.01). However,

miR-155-5p did not significantly increase 14-3-3ɛ mRNA

levels (P > 0.05) compared with the negative control (NC)

group. Dual luciferase activity experiments showed that

miR-155-5p, miR-31-5p, and miR-29b-3p could signifi-

cantly regulate the relative luciferase activity of 14-3-3ɛ

(P < 0.01), whereas miR-29a-3p and miR-29c-3p had no

significant difference (P > 0.05) (Figure 1C). Studies on the

expression of miR-155-5p, miR-31-5p, and miR-29b-3p in

PC3, LNCaP, 22RV1, and WPMY-1 cells showed that the

expression levels of miR-155-5p, miR-31-5p, and miR-29b-

3p in PCa cells decreased compared to the WPMY-1 cells.

The five miRNAs, except for miR-31-5p, did not reach

significant levels in PC3 cells (P > 0.05), whereas the others

reached extremely significant levels (P < 0.01) compared to

WPMY-1 (Figure 1D). In addition, cell viability experiments

showed that three miRNAs (miR-155-5p, miR-31-5p, and

miR-29b-3p) significantly inhibited the proliferation of

22RV1 cells at 72 hpt (P < 0.01) (Figure 1E). Based on the
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above experimental results, we found that mir-31-5p had the

best inhibitory effect on 14-3-3 ɛ, and thus was employed in

the subsequent experimental studies.

To investigate whether miR-31-5p could directly bind 14-

3-3ɛ, miR-31-5p mimics or miR-31-5p inhibitor was used to

induce ectopic or inhibit miR-31-5p expression. To confirm

the interaction between miR-31-5p and 14-3-3 ɛ, pGL-WT-

14-3-3 ɛ/3ʹUTR and pGL-MT-14-3-3 ɛ/3ʹUTR vector were

constructed (Figure 2A) and co-transfected with miR-31-5p

mimics or miR-31-5p inhibitor into 22RV1 cells. The results

of dual luciferase reporter gene assay showed that the luci-

ferase activity of 22RV1 cells transfected with WT-14-3-3 ɛ/

3ʹUTR +miR-31-5p group was significantly suppressed in

comparison toWT-14-3-3 ɛ/3ʹUTR +NCmimics, WT-14-3-3

ɛ/3ʹUTR +miR-31-5p inhibitor and WT-14-3-3 ɛ/3ʹUTR

+NC inhibitor groups (P < 0.01). However, the luciferase

activity in theMT-14-3-3 ɛ/3ʹUTR +NCmimic group did not

significantly change (P > 0.05) (Figure 2B). These results

indicate that 14-3-3 ɛ mRNA 3ʹUTR is a specific functional

target of miR-31-5p in 22RV1 cells.

14-3-3 ɛ and miR-31-5p are Differentially

Expressed in PCa Cell Lines
The expression patterns of 14-3-3ɛ and miR-31-5p in PCa

cell lines were then investigated. To investigate the expres-

sion of 14-3-3ɛ in prostate adenocarcinoma (PRAD), the

Figure 1 Screening and identification of miRNAs targeting14-3-3 ɛ.(A) The transfection efficiency of miR-155-5p, miR-31-5p, miR-29a-3p, miR-29b-3p, and miR-29c-3p in

22RV1 cells were detected by qRT-PCR at 24 and 48 hpt. (B) The effect of miR-155-5p, miR-31-5p, miR-29a 3p, miR-29b-3p, and miR-29c-3p on regulating the expression of

14-3-3 ɛ in 22RV-1 cells. (C) After transfection, luciferase activity was assessed using a dual-luciferase reporter assay system. Each value was evaluated based on the relative

luciferase activity of firefly to Renilla. (D) Expression levels of miR-155-5p, miR-31-5p, miR-29a-3p, miR-29b-3p, and miR-29c-3p in three PCa cell lines (PC3, LNCaP, and

22RV-1) and normal PCa cells (WPMY-1) were determined using qRT-PCR. WPMY-1 was used as the internal control. (E) Effect of miR-155-5p, miR-31-5p, and miR-29b-3p

overexpression on 22RV-1 cell viability. The data are presented as the mean ± standard deviation of three independent experiments. Statistical significance was determined

using the Student’s t-test. **P < 0.01 vs control group.

Figure 2 Direct regulation of 14-3-3 ɛ by miR-31-5p in 22RV1 cells. (A) miR-31-5p binding sites in the 3ʹ-UTR of 14-3-3 ɛ mRNA. (B) Dual-luciferase reporter assays in

22RV1 using vectors encoding a putative miR-31-5p target site in the 14-3-3 ɛ 3ʹ-UTR (positions 608–614). Data were normalized to the expression ratios of Renilla/firefly

luciferase activities. miR-31-5p: microRNA-31-5p. **P<0.01.
Abbreviations: NC, negative control; WT, wild-type; MUT, mutant.
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UALCAN online database was used to analyze the expres-

sion of 14-3-3ɛ in PRAD (n=497) and normal (n=52)

tissues. The results showed that the mRNA expression of

14-3-3ɛ was significantly upregulated in PRAD tissues

(Figure 3A). To further confirm this result, the protein

expression levels of 14-3-3ɛ were assessed by Western

blotting in different PCa cell lines. Figure 3B and C

show that the expression of 14-3-3 ɛ in PC3, LNCaP, and

22RV1 cells was significantly higher than WPMY-1 cells

(P < 0.01). To investigate the expression of miR-31-5p in

PC3, 22RV1, and LNCaP cells, qRT-PCR was used to

analyze the expression of miR-31-5p in PCa and normal

prostate cells. The results showed that the expression of

miR-31-5p was remarkably downregulated in 22RV1 and

LNCaP cells (P < 0.01). However, no significant

difference (P > 0.05) in the expression of miR-31-5p was

observed between PC3 and WPMY-1 cells (Figure 3D).

These results suggest that 14-3-3 ɛ acts as a proto-onco-

gene in PCa, promoting the proliferation of cancer cells.

However, miR-31-5p possibly functions as a tumor sup-

pressor factor in 22RV1 and LNCaP cells.

miR-31-5p Overexpression or 14-3-3ɛ
Knockdown Inhibits Proliferation,

Invasion, and Migration of 22RV1 Cells
To investigate the role of miR-31-5p and 14-3-3ɛ in the

proliferation, invasion, and migration of 22RV1 cells,

the CCK-8 assay and Transwell® assay were performed.

miR-31-5p mimics and miR-31-5p inhibitor were used

to increase and decrease miR-31-5p expression,

Figure 3 14-3-3 ɛ and miR-31-5p are differentially expressed in PCa cell lines. (A) Compared with 52 normal tissues, the expression level of 14-3-3 ɛ in 497 PRAD samples

significantly increased (P < 0.01). These data were quoted from UALCAN-TCGA database. (B, C) 14-3-3ɛ protein expression in PC3, LNCaP, and 22RV1 cells was evaluated

by Western blotting. 14-3-3 ɛ protein expression levels were normalized to GAPDH, and the results are presented as fold changes of expression level. (D) miR-31-5p

expression in PC3, LNCaP, 22RV1 cells and normal PCa cells (WPMY-1) was evaluated using qRT-PCR. The data in Figure 3B–D are presented as the mean ± SD of values

from at least three independent experiments. The values were analyzed by multiple comparative analysis, different capital letters indicate extremely significant differences (P
< 0.01). Different lowercase letters are significant (P < 0.05). The same letter indicates no significant difference (P >0.05).
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respectively. miR-31-5p mimics and its corresponding

negative control (NC mimics), miR-31-5p inhibitor and

its corresponding negative control (NC inhibitor) were

transfected into 22RV1 cells. Figure 4A shows that after

transfection of 22RV1 cells with miR-31-5p mimics,

miR-31-5p expression increased by more than 330-fold

compared with those transfected with NC mimic. After

transfection with the miR-31-5p inhibitor, the miR-31-

5p expression decreased by 68% compared with those

transfected with the NC inhibitor. When transfected with

the miR-31-5p mimics, 22RV1 cell viability signifi-

cantly decreased compared to cells transfected with

NC mimics (P < 0.01) (Figure 4B). After transfection

with miR-31-5p inhibitor, 22RV1 cell viability was not

significantly different compared to cells transfected with

NC inhibitor (P > 0.05) (Figure 4B). For cell invasion

analysis, the transfection of miR-31-5p mimics in

22RV1 cells reduced cell invasion (P < 0.01) compared

with the NC mimics. However, the cell invasion ability

after transfection of miR-31-5p inhibitor did not signifi-

cantly differ from those using NC mimics (P > 0.05)

(Figure 4C). Furthermore, the migration ability of

22RV1 cells significantly decreased in the miR-31-5p

mimic group (P < 0.01) and significantly increased in

the miR-31-5p inhibitor group (P < 0.05) (Figure 4D).

These results suggest that overexpression of miR-31-5p

inhibits the proliferation, invasion, and migration of

22RV1 cells.

According to our analysis in Figure 1, we found that

14-3-3ɛ expression was positively correlated with PCa

cells. Therefore, to investigate the role of 14-3-3ɛ in PCa

cells, we downregulated the expression of 14-3-3ɛ in

22RV1 cells by transfecting four different double-stranded

siRNAs targeting 14-3-3ɛ (siRNA-1, siRNA-2, siRNA-3,

and siRNA-4). Figure 5A shows that after transfecting the

four siRNAs, the siRNA-4 group showed the best inhibi-

tory effect, and 14-3-3ɛ expression decreased by 96.8%

compared with the negative control (siRNA-NC)

(P < 0.01). In addition, transfecting siRNA-4 significantly

decreased cell viability compared with siRNA-NC

(P < 0.01) (Figure 5B). Cell invasion and migration ana-

lyses showed that 14-3-3ɛ downregulation in 22RV1 cells

due to the transfection of siRNA-4 significantly inhibits

cell invasion (P < 0.01; Figure 5C) and cell migration

(P < 0.01; Figure 5D). These results suggest that 14-3-3ɛ

downregulation inhibits proliferation, invasion, and migra-

tion of 22RV1 cells.

Upregulation of miR-31-5p Suppresses

Proliferation, Invasion, and Migration and

Promotes Cell Apoptosis of 22RV1 Cells

by Inhibiting 14-3-3ɛ
As demonstrated above, 14-3-3ɛ downregulation suppressed

proliferation, invasion, and migration of 22RV1 cells. Then,

we further confirmed that miR-31-5p directly targets the

3ʹUTR of 14-3-3ɛ to inhibit its expression. Therefore, we

hypothesized that miR-31-5p suppresses the proliferation,

invasion, and migration and promotes cell apoptosis of

22RV1 cells by inhibiting 14-3-3 ɛ. To confirm this hypoth-

esis, a compensation experiment was performed. First, we

detected the transfection efficiency of miR-31-5p mimics,

NC mimics, miR-31-5p inhibitor, NC inhibitor, pCI-14-3-

3ɛ, and pCI-neo, which were detected by Western blotting

at 36 hpt. The results showed that 14-3-3ɛ expression was

downregulated by 4.1-fold after miR-31-5p mimic transfec-

tion (Figure 6A), whereas after transfecting pCI-14-3-3ɛ,

14-3-3ɛ expression was upregulated by 2.5-fold

(Figure 6B). The 22RV1 cells were co-transfected with

miR-31-5p mimics + pCI-YWHAE, miR-31-5p mimics +

pCI-neo, NC mimics + pCI-YWHAE, and NC mimics and

pCI-neo. Figure 6C shows that cell viability was signifi-

cantly upregulated by 14-3-3ɛ knockdown (P < 0.05) and

downregulated by miR-31-5p upregulation (P < 0.01).

However, the inhibitory effect of miR-31-5p on cell viabi-

lity could be partially reversed by 14-3-3ɛ. In addition,

similar results were observed in the Transwell®

(Figure 6D) and scratch wound healing (Figure 6E) assays.

The invasion and migration capability of 22RV1 cells were

enhanced by 14-3-3ɛ and inhibited by miR-31-5p. The

inhibitory effect of miR-31-5p on 22RV1 cell invasion

and migration was partially reversed by 14-3-3ɛ.

Next, we analyzed the effects of miR-31-5p,14-3-3ɛ,

and miR-31-5p+14-3-3ɛ on cell apoptosis of 22RV1

(Figure 7A). The results showed that the ratios of cell

apoptosis and cell necrosis in the miR-31-5p group were

extremely significantly increased (P < 0.01) compared

with the other groups. However, the opposite result was

observed in the pCI-14-3-3 ɛ group. Interestingly, when

miR-31-5p mimics and pCI-14-3-3ɛ were co-transfected

into 22RV1 cells, the pro-apoptotic effect of miR-31-5p

was partially reversed by 14-3-3ɛ (Figure 7B and C).

These results indicate that miR-31-5p suppresses PCa pro-

liferation, invasion, and migration and promotes 22RV1

cell apoptosis by inhibiting 14-3-3 ɛ.
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Figure 4 The overexpression of miR-31-5p inhibits the proliferation, invasion, and migration of 22RV1 cells. (A) The transfection efficiency of miR-31-5p mimics and miR-

31-5p inhibitor in 22RV1 cell lines were assessed by qRT-PCR at 24 hours post transfection (hpt). (B) The effects of overexpression and inhibition of miR-31-5p expression

on the proliferation of 22RV1 cells. The CCK-8 assay showed that the overexpression of miR-31-5p significantly inhibits cell proliferation compared with the NC mimics at

72 hpt (P<0.01). (C) The effects of overexpression and inhibition of miR-31-5p expression on the invasion of 22RV1 cells. The Transwell® assay showed that the

overexpression of miR-31-5p significantly inhibits cell migration compared with the NC mimics (P<0.01). The proliferation and migration abilities of the miR-31-5p inhibitor

and NC inhibitor groups did not significantly differ (P>0.05). (D) Representative images of migration assays using 22RV1 cells. Magnification, 100×. Quantification of relative

migration of 22RV1 cells transfected with miR-31-5p mimic, NC mimic, miR-31-5p inhibitor, or NC inhibitor. The data in the figure are presented as the mean ± standard

deviation of three independent experiments. Statistical significance was determined using the Student’s t-test. *P < 0.05, **P < 0.01 vs control group.
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Previous studies have illustrated that the PI3K/Akt path-

way plays an important role in regulating the proliferation

of PCa cells, and the ratios of p-PI3K/PI3K and p-AKT/

AKT were positively correlated to the proliferation of can-

cer cells.30,31 Therefore, to explore the effects of miR-31-5p

that targets 14-3-3ɛ on the PI3K/Akt pathway, 22RV1 cells

were divided into five groups and transfected with miR-31-

5p mimics, NC mimics, pCI-14-3-3ɛ, pCI-neo, and miR-31-

5p mimics + pCI-14-3-3ɛ. By analyzing the expression

levels of p-PI3K/PI3K and p-AKT/AKT, we elucidated

the relationship of miR-31-5p, 14-3-3ɛ, and the PI3K/

AKT signaling pathway. The results showed that the

p-PI3K/PI3K and p-AKT/AKT ratios followed a similar

trend, which were significantly downregulated in the trans-

fected miR-31-5p group compared with the transfected NC

group (P < 0.01) and were significantly up-regulated in the

pCI-14-3-3ɛ group compared with the transfected pCI-neo

group (P < 0.01). When co-transfected with miR-31-5p+14-

3-3ɛ, the ratio of p-PI3K/PI3K and p-AKT/AKT increased,

indicating that the compensation of 14-3-3ɛ partially

reversed the regulatory effect of miR-31-5p on the prolif-

eration of PCa cells (Figure 8A–C). These results suggest

that p-PI3K, PI3K, p-AKT, and AKT proteins may be

directly involved in the effect of miR-31-5p targeted reg-

ulation of 14-3-3ɛ on the proliferation of 22RV-1 PCa cells.

In addition, studies have shown that 14-3-3 proteins

regulate apoptosis; these inhibit apoptosis through interac-

tions with members of the Bcl-2 family and by regulating

apoptosis-related signaling pathways or transcription fac-

tors. Therefore, we hypothesize that miR-31-5p regulates

14-3-3ɛ through the same mechanism by which it pro-

motes cell apoptosis. It has been proposed that high Bax

and/or low Bcl-2 expression levels as well as high Bax/

Bcl-2 ratio favor apoptosis.32,33 In addition, the increase in

BAD expression and the activation of the caspase pathway

are also important indicators of apoptosis. Here, key pro-

teins such as BAD, 14-3-3ɛ, BAX/Bcl-2, pro-caspase 9,

and full-length caspase 3 were detected by Western blot-

ting (Figure 9A). The results show that 14-3-3ɛ and BAD

exhibit opposite expression patterns (Figure 9B), whereas

pro-caspase 9 and full-length caspase-3 depict similar

expression patterns (Figure 9C). The expression levels of

14-3-3ɛ, pro-caspase-9 and full-length caspase-3 in the

miR-31-5p mimic group significantly decreased compared

to the other groups (P < 0.05), whereas the BAD expres-

sion and Bax/Bcl-2 ratios markedly increased (P < 0.01)

(Figure 9B). However, the opposite trend was observed in

the pCI-14-3-3 ɛ group. Then, we co-transfected miR-31-

5p mimics and pCI-14-3-3ɛ into 22RV1 cells, which

showed that the pro-apoptotic effect of miR-31-5p was

Figure 5 Effect of 14-3-3 ɛ silencing in 22RV1 cells. (A) 14-3-3 ɛ protein expression was evaluated by Western blotting analysis of 22RV1 cells 48 h post transfection (hpt)

with siRNA-1, siRNA-2, siRNA-3, and siRNA-4. GAPDH was used as internal control. (B) Cell viability was determined using CCK-8 assays at 0, 24, 48, and 72 hpt, analysis

of 22RV1cells 48 hpt with si-14-3-3 ɛ(siRNA-4). siRNA-NC was used as negative control. (C) Cell invasion potency of 22RV1 cells was evaluated using the Transwell® assay

following transfection with si-14-3-3 ɛ and siRNA-NC. Five fields from each chamber were photographed and counted. (D) Cell migration potency in 22RV1 cells was

evaluated using scratch wound healing assays following transfection with si-14-3-3 ɛ and siRNA-NC. Magnification, 100×. Statistical significance was determined using the

Student’s t-test. *P < 0.05, **P < 0.01.
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partially reversed by 14-3-3ɛ (Figure 9A–D). These results

imply that miR-31-5p inhibits cell proliferation and pro-

motes cell apoptosis in 22RV1 by regulating 14-3-3ɛ via

the PI3K/AKT/Bcl-2 signaling pathway.

Discussion
CRPC is a type of PCa in which the disease progresses after

initial sustained ADT. Androgen deprivation is the mainstay

of advanced prostate cancer treatment. Despite initial

responses, almost all patients progress to CRPC.34

Treatment of patients with mCRPC remains a significant

clinical challenge.35 AR plays an important role in the treat-

ment ofmCRPC.6 Recently, one study reported that members

of the 14-3-3 family play an important role in the develop-

ment and progression of PCa by regulating the transcription

of PSA through the AR.8 14-3-3ε belongs to the 14-3-3

family, which was first identified in mammalian brain tissues

by Moor and Perez in 1968.36 Previous studies have impli-

cated 14-3-3ε as a cell enhancer factor that promotes cell

proliferation in breast cancer cells,12 gastric cancer SGC7901

cells,37 and hepatocellular carcinoma14 and as a potential

novel genetic risk factor for HIV neurocognitive

impairment,24 major depressive disorder in males of the

Chinese Han population,38 and development of midline cra-

niofacial structures.39 Recently, Alex and colleagues9 sug-

gested that 14-3-3ε and other family members play an

important role in the development and progression of PCa,

indicating that it can be employed as a drug target in the

treatment of PCa. In the present study, we found that 14-3-3ε

is significantly upregulated in PCa cell lines and acts as a cell

enhancer factor to promote PCa cell proliferation, migration,

and invasion. Therefore, we hypothesized that 14-3-3ε acts

as a proto-oncogene in PCa, promoting the proliferation of

cancer cells. miRNAs have a large regulatory potential and

Figure 6 Effects of 14-3-3ɛ/miR-31-5p co-transfection on 22RV1 cells. (A, B) Transfection efficiency using miR-31-5p mimics, NC mimics, pCI-14-3-3 ɛ, and pCI-neo into

22RV1 cells was evaluated by Western blotting assay at 48 h post transfection. (C) CCK-8 assay revealed the inhibitory effect of miR-31-5p on 22RV1 cell viability after

upregulation of 14-3-3ɛ expression. (D) Transwell® assay indicated the inhibitory effect of miR-31-5p on 22RV1 cell invasion after upregulation of 14-3-3ɛ expression. (E)
Scratch wound healing assays exhibited the inhibitory effect of miR-31-5p on 22RV1 cell migration after upregulation of 14-3-3ɛ expression. Statistical significance was

determined using the Student’s t-test (A and (B). **P < 0.01. Statistical significance was determined using multiple comparative analysis (C–E), different capital letters
indicate extremely significant differences (P < 0.01). Different lowercase letters indicate significant differences (P < 0.05). The same letter indicates no significant difference (P
> 0.05).
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are estimated to regulate 30% of genes in the human

genome.40 Consequently, finding miRNAs that are nega-

tively correlated with 14-3-3ε expression and regulate their

expression may be another way to diagnose and treat PCa.

In the present study, we found that 14-3-3ɛ exhibits the

opposite expression pattern with miR-31-5p in PCa cells.

Moreover, among the 5 candidate miRNAs that regulate

14-3-3ɛ, miR-31-5p showed superior inhibitory efficiency.

A previous study indicated that miR-31-5p is differentially

expressed in various kinds of cancers, and whether miR-

31-5p acts as an inducer or inhibitor of tumors varies with

tumor types.41 Peng et al reported that miR-31-5p is

Figure 7 Annexin V-FITC and propidium iodide (PI) staining. (A) Morphological changes in 22RV-I cells were detected using fluorescence microscopy. Only the apoptotic

cells showed green fluorescence, necrotic cells exhibited both green and red fluorescence, and normal cells did not depict any fluorescence. (B, C) The apoptotic and

necrotic rates of each treatment were assessed. Statistical significance was determined using multiple comparative analysis (A–C); different capital letters indicate extremely

significant differences (P < 0.01). Different lowercase letters indicate significant differences (P < 0.05). The same letter indicates no significant difference (P >0.05).

Figure 8 The effect of miR-31-5p on the ratio of p-PI3K/PI3K and p-AKT/AKT in regulating 14-3-3ɛ expression. (A) Western blot analysis was performed to evaluate the

expression of p-PI3K, PI3K, p-AKT, and AKT in 22RV1 cells treated with miR-31-5p, negative control, pCI-14-3-3 ɛ, pCI-neo, and miR-31-5p+pCI-14-3-3ɛ. (B) Effects of
different treatment groups on p-PI3K/PI3K protein expression. (C) Effects of different treatment groups on p-AKT/AKT protein expression. Statistical significance was

determined using multiple comparative analysis; different capital letters indicate extremely significant differences (P < 0.01). Different lowercase letters represent significant

differences (P < 0.05). The same letter indicates no significant difference (P >0.05).
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upregulated in colorectal cancer and functions as a tumor

promoter by targeting NUMB.25 Furthermore, miR-31-5p

also acts as a tumor promoter in osteosarcoma via the Wnt/

β-catenin signaling pathway by enhancing AXIN1

expression.42 Furthermore, Zhao et al reported that miR-

31-5p acts as a tumor suppressor in HepG2 hepatocellular

carcinoma cell by regulating the expression of Sp1 tran-

scription factor.41 Li found that miR-31-5p also acts as a

tumor suppressor in renal cell carcinoma by targeting

CDK1.43 The results of our study indicate that the expres-

sion of miR-31-5p in PCa is similar to that in hepatocel-

lular carcinoma and renal cell carcinoma, thereby

suggesting that it acts as a tumor suppressor by regulating

14-3-3ɛ expression.

An earlier investigation suggested that the key role of

14-3-3 proteins involves balancing the AR and PI3K-

AKT-mTOR protein network.44 PI3K/AKT is a set of

vital kinases that play a pivotal role in the regulation of

genes associated with apoptosis.45 The activation of the

PI3K/AKT signaling pathway results in the regulation of

proliferation of PCa cells, and the ratios of p-PI3K/PI3K

and p-AKT/AKT were positively correlated to cell prolif-

eration and cell apoptosis.30,31 In addition, PI3K/Akt is

intimately related to Bcl-2 family proteins, which are

crucial apoptosis-associated factors of mitochondria.45

More studies have found that members of the Bcl-2 pro-

tein family play an important role in 14-3-3-mediated cell

proliferation and apoptosis.46–48 As one of the pro-apopto-

tic proteins of the Bcl-2 family, BAD is phosphorylated by

Akt, and 14-3-3 then binds to the phosphorylated BAD to

induce conformational changes in BAD and promote the

separation of BAD from Bcl-2/Bcl-XL, thereby blocking

the precursor effect of BAD apoptosis.49–51 Furthermore,

the 14-3-3 protein can bind to the apoptosis-regulating

protein BAX of the Bcl-2 family, which prevents BAX

from entering the mitochondria and thus terminating the

regulatory effect of BAX on apoptosis.52–56 It has been

proposed that high p-PI3K/PI3K and p-AKT/AKT ratios

favor cell proliferation30,31 and high BAX and/or low Bcl-

2 as well as high BAX/Bcl-2 ratio favor apoptosis.32,33

Therefore, to investigate the effects of miR-31-5p reg-

ulation of 14-3-3ɛ on the PI3K/AKT signaling pathway

and the Bcl-2 family, p-PI3K/PI3K, p-AKT/AKT BAD,

14-3-3 ɛ, BAX/Bcl-2, pro-caspase-9, and full-length cas-

pase-3 were detected by Western blotting. Our results

indicate that the p-PI3K/PI3K and p-AKT/AKT ratios

showed opposite results in the miR-31-5p and 14-3-3ɛ

transfection groups, and the complementary experiment

Figure 9 miR-31-5p regulates 14-3-3ɛ-induced apoptosis in 22RV1 cells via the Bcl-2 pathway. (A) Western blot analysis of key proteins related to Bcl-2 apoptosis pathway

in 22RV1 cells transfected with miR-31-5p, negative control, pCI-14-3-3ɛ, pCI-neo, and miR-31-5p+pCI-14-3-3ɛ. (B) Western blot analysis of 14-3-3ɛ and BAD in 22RV1cells.

(C) Western blot analysis of BAX/Bcl2 ratios in 22RV1 cells. (D) Western blot analysis of pro-caspase-9 and full-length caspase-3 in 22RV1 cells. Statistical significance was

determined using multiple comparative analysis; different capital letters indicate extremely significant differences (P < 0.01). Different lowercase letters reveal significant

differences (P < 0.05). The same letter indicates no significant difference (P >0.05).
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partially reversed the effects on the ratios of p-PI3K/PI3K

and p-AKT/AKT. The expression levels of 14-3-3ɛ, pro-

caspase-9, and full-length caspase-3 markedly decreased

in the miR-31-5p transfection group, whereas those of

BAD and BAX/Bcl-2 significantly increased. However,

the opposite result was observed in the 14-3-3 ɛ group.

Similarly, the complementary experiment partially

reversed the expression levels of these proteins

(Figure 9A–D). These results imply that miR-31-5p acts

as a tumor suppressor in 22RV1 cells and inhibits cell

survival and proliferation by regulating 14-3-3ɛ expression

via the PI3K/AKT/Bcl-2 signaling pathway.

Conclusions
miR-31-5p acts as a tumor suppressor in 22RV1 cells and

inhibits cell survival and proliferation by regulating 14-3-

3ε expression and survival- and proliferation-related sig-

naling pathways. These results provide a theoretical basis

for further investigating whether miR-31-5p and 14-3-3ε

act as potential prognostic biomarkers and may potentially

be utilized as therapeutic targets for PCa treatment.
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