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ABSTRACT ARTICLE HISTORY

The clinical significance and underlying molecular mechanism of miRNA-222-3p in metastatic Received 11 November 2020
prostate cancer (MPCa) remain unclear. The present study used a large number of cases Revised 17 December 2020
(n = 1,502) based on miRNA chip and miRNA sequencing datasets to evaluate the expression Accepted 17 December 2020
and diagnostic potential of miRNA-222-3p in MPCa. We applied a variety of meta-analytic KEYWORDS

methods, including forest maps, sensitivity analysis, subgroup analysis and summary receiver MIRNA-222-3p; metastasis;
operating characteristic curves, to prove the final results. MiRNA-222-3p was reduced in MPCa prostate cancer;

and had a moderate diagnostic potential in MPCa. We screened 118 miRNA-222-3p targets using synaptosome associated
three different methods including miRNA-222-3p transfected MPCa cell lines, online prediction protein 91; biomarker
databases and differently upregulated genes in MPCa. Moreover, functional enrichment analysis

performed to explore the potential molecular mechanism of miRNA-222-3p showed that the

potential target genes of miRNA-222-3p were significantly enriched in the p53 signal pathway.

In the protein—protein interaction network analysis, SNAP91 was identified as a hub gene that

may be closely related to MPCa. Gene chip and RNA sequencing datasets containing 1,237

samples were used to determine the expression level and diagnostic potential of SNAP91 in

MPCa. SNAP91 was found to be overexpressed in MPCa and had a moderate diagnostic potential

in MPCa. In addition, miRNA-222-3p expression was negatively correlated with SNAP91 expression

in MPCa (r = —0.636, P = 0.006). These results demonstrated that miRNA-222-3p might play an

important role in MPCa by negatively regulating SNAP91 expression. Thus, miRNA-222-3p might

be a potential biomarker and therapeutic target of MPCa.
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1. Introduction

Prostate cancer (PCa) is caused by malignant hyperpla-
sia of prostate epithelial cells. It is one of the most
common cancers of the male genitourinary system
worldwide and has a high incidence among male
malignant tumors [1-3]. In patients with localized
prostate cancer (LPCa), radical prostatectomy, radio-
therapy and hormone deprivation therapy can mark-
edly beneficial effects, prolonging the survival time of
patients [4-10]. However, due to the lack of obvious
symptoms and specific biomarkers in the early stage of
PCa metastasis, the diagnosis and treatment of meta-
static prostate cancer (MPCa) is commonly delayed.
Once PCa metastasis has occurred, the options for
treatment are limited, leading to a reduction in survival,
a decline in the patient’s quality of life, and eventually
to death. Therefore, elucidating the molecular mechan-
ism of PCa metastasis is very important for the identi-
fication of novel strategies for the diagnosis and
treatment of MPCa.

MicroRNAs (miRNAs) are short, non-coding, endo-
genous RNAs that participate in a variety of biological
processes by negatively regulating the expression of
target genes [11-16]. Recent studies have shown that
miRNAs were involved in MPCa. For example,
miRNA-92a has been shown to be downregulated in
PCa cells and inhibit PCa cell viability and metastasis
by targeting SOX4 [17]. MiRNA-1236-3p inhibited the
growth and metastasis of PCa cells by inhibiting the
TLR2 and AKT pathways, and activating p21 [18]. The
upregulated expression of the long non-coding RNA
PVTI1 induced PCa metastasis by targeting miRNAs
(miRNA-15b-5p, miRNA-27a-3p, miRNA-143-3p and
miRNA-627-5p) [19]. MiRNA-222-3p has been shown
to play an important role in the metastasis of various
tumors. Peng et al. reported that miRNA-222-3p pro-
moted ovarian cancer metastasis by regulating
HOXCI10 [20]. MiRNA-222-3p has also been shown
to be highly expressed in patients with thyroid papillary
carcinoma metastasis, and its upregulation enhanced
the metastatic and invasiveness ability of cancer cells
[21]. The expression of miRNA-222-3p was increased
in clinical specimens and cell lines of renal cell carci-
noma and correlated positively with the metastatic
potential of renal cell carcinoma [22]. MiRNA-222-3p
was highly expressed in non-small cell lung cancer and
mediated metastasis by activating the SOCS3/Stat3

signal pathway [23]. In contrast, miRNA-222-3p was
significantly downregulated in epithelial ovarian cancer
and inhibited cell metastasis in vitro [24]. However,
contradictory results were obtained in the only two
reports of the expression of miRNA-222-3p in MPCa,
which were conducted with a small sample size [15,25].
In addition, the clinical significance and potential mole-
cular mechanism of miRNA-222-3p in MPCa are still
unclear.

In this study, we obtained the expression data of
miRNA-222-3p in MPCa from miRNA chip and
miRNA sequencing datasets and calculated the stan-
dard mean difference and summary receiver operating
characteristic to evaluate the expression level and diag-
nostic potential of miRNA-222-3p in MPCa. The
potential molecular mechanism of miRNA-222-3p in
MPCa was explored through functional enrichment
analysis. SNAP91 had the highest degree of connectivity
in the protein—protein interaction (PPI) network ana-
lysis and was identified as a hub gene of miRNA-222-
3p. Thus, we speculated that miRNA-222-3p partici-
pates in the metastasis of PCa by negatively regulating
the expression of SNAP91, which was verified by pre-
diction tools and correlation analysis.

2. Materials and methods

2.1. Collection of miRNA-222-3p expression data
in MPCa and PCa

To obtain miRNA-222-3p expression datasets
from the Gene Expression Omnibus (GEO),
ArrayExpress, Sequence Read Achieve (SRA),
The Cancer Genome Atlas (TCGA) and
Oncomine databases, the following search terms
were applied: (parastata OR prostatic gland OR
prostate gland OR prostat*) AND (cancer OR
carcinoma OR tumor OR neoplas* OR malignan*
OR adenocarcinoma) AND (miR OR miRNA OR
microRNA). The retrieval results were in accor-
dance with the following inclusion criteria: (1)
studies involving two groups (MPCa vs. LPCa or
PCa vs. non-PCa), (2) the studies were conducted
in humans, and (3) the sample size of MPCa and
LPCa was >3. Studies without miRNA-222-3p
expression data were considered ineligible and
therefore excluded.



2.2, Screening potential miRNA-222-3p target
genes in MPCa

2.2.1. MPCa cell lines transfected with miRNA-222-3p
Gene expression profiles of MPCa cell lines trans-
fected with miRNA-222-3p analogs or inhibitors
were acquired from the GEO database. The poten-
tial target genes of miRNA-222-3p were selected
from those identified in MPCa cell lines with
changes in expression filtered according to the
following criterion: (|log2FC| > 1).

2.2.2. Upregulated differentially expressed genes
(DEGs) in MPCa

Ten studies of MPCa were screened based on the
databases and search formulas noted in Section 2.1.
Generally speaking, miRNAs exert its biological func-
tion by negatively regulating the expression of target
genes. In this study, our results showed that miRNA-
222-3p was downregulated in MPCa. Therefore, the
upregulated DEGs in MPCa were more likely to be
potential target genes of miRNA-222-3p. The upregu-
lated DEGs in the mRNA sequencing datasets and gene
chip results were retrieved using the Limma-Voom
package and the Limma package, respectively, with
[log,FC| > 1 and adjusted P < 0.05 as the filtering
criteria. Genes that appeared at least three times
among the groups of upregulated DEGs were deemed
to be the potential target genes of miRNA-222-3p.

2.2.3. The online prediction database

The target genes of miRNA-222-3p were predicted by
miRWalk2.0, which is an online prediction database
consisting of 12 miRNA-mRNA prediction platforms.
The target genes of miRNA-222-3p were predicted by
at least five platforms were selected for further analysis.
The potential target genes of miRNA-222-3p were
determined by the overlap of the outcomes from the
three sources described.

2.3. GO, KEGG and PPI network analyses

GO function and KEGG analyses were conducted
utilizing DAVID6.8 to identify the potential molecular
mechanisms of candidate target genes of miRNA-222-
3p. The PPI network was visualized using the STRING
database and Cytoscape software. SNAP91 showed the
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highest connectivity among the hub genes and was
selected for subsequent analysis.

2.4. Correlation analysis of miRNA-222-3p and
SNAP91

Datasets including both miRNA-222-3p and SNAP91
expression levels in MPCa and LPCa were acquired
from TCGA database. The association between
miRNA-222-3p and SNAP91 was evaluated using
Spearman’s correlation coefficient test. In addition, the
correlations between miRNA-222-3p and SNAPI1 in
different cancers were assessed using StarBase v3.0.

2.5. The clinical significance of SNAP91 in MPCa

Based on the databases and the filtering strategy used
in this study, we retrieved the SNAP91 mRNA profiles
in MPCa and PCa. The Human Protein Atlas (HPA)
was used to verify SNAP91 protein expression in PCa.

2.6. Statistical analysis

The miRNA-222-3p and SNAP91 expression data
were normalized and log2-transformed. Statistical
analysis was performed with SPSS22.0 software
(SPSS, IBM, Chicago, IL, USA). Differences
between two independent groups were compared
using the independent-samples f-test and visua-
lized by scatter plots, which were created with
GraphPad Prism 5 (GraphPad Software, Inc., La
Jolla, CA, USA). To determine the potential of
miRNA-222-3p and SNAPI1 in distinguishing
the two independent groups, the summary receiver
operating characteristic curves were generated and
the area under the curve was calculated. To assess
the trends in the expression of miRNA-222-3p and
SNAPI1 in two independent groups, the pooled
standard mean difference with 95% confidence
intervals (CI) was determined using Statal4.0 soft-
ware (Stata Corporation, College Station, TX,
USA). When P < 0.05 or I? > 50%, a random-effects
model was selected; otherwise, the fixed-effect
model was used. Sensitivity and subgroup analyses
were performed to explore the sources of the inter-
study heterogeneity. Furthermore, Begg’s and
Egger’s tests were used to assess potential
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publication bias. Kaplan-Meier survival curves
were plotted and the log-rank tests were employed
to assess patient survival rates. P < 0.05 was con-
sidered to indicate a statistically significant difter-
ence. A flow chart of the design of our study is
shown in Supplemental Figure S1.

3. Results

In our study, we paid more attention to investigating the
clinical significance and potential molecular mechanism
of miRNA-222-3p in MPCa. We hope to find new
biomarker and therapeutic targets for MPCa. We verified
the clinical significance of miRNA-222-3p in MPCa by
miRNA chip and miRNA sequencing datasets. The
miRNA-222-3p targets were screened from miRNA-
222-3p transfected MPCa cell lines, online prediction
databases and differently upregulated genes in MPCa.
Functional enrichment analysis was performed to explore
the potential molecular mechanism of miRNA-222-3p.
SNAPII had the highest degree of connectivity in the
PPI network analysis and was identified as a potential
target gene of miRNA-222-3p. The relationship between
miRNA-222-3p and SNAP91 was verified by prediction
tools and correlation analysis. We speculated that
miRNA-222-3p might be involved in the metastasis of
PCa through negative regulation of SNAP91.

3.1. Clinical significance of miRNA-222-3p in
MPCa

A total of six studies that met our study criteria were
analyzed to identify the clinical significance of miRNA-
222-3p in MPCa (Table 1 and Supplemental Figure S2).
Based on these six studies, the expression levels of
miRNA-222-3p in LPCa and MPCa samples are
shown in Figure 1, and the distinguishing capacity of

miRNA-222-3p in MPCa samples is shown in Figure 2.
The combined standard mean difference was —0.76
(95% CI, —1.44 to —0.08), suggesting that miRNA-222-
3p expression was significantly decreased in MPCa
(Figure 3(a)). Sensitivity analysis showed that the out-
come was stable (Figure 3(b)). Begg’s and Egger’s tests
indicated that no publication bias was observed (Figure
3(c,d)). The summary receiver operating characteristic
curve showed that miRNA-222-3p had a moderate
potential to distinguish MPCa from LPCa (area under
the curve = 0.81) (Figure 3(e)). No publication bias was
observed (Figure 3(F)). Based on 27 datasets, miRNA-
222-3p expression was notably decreased in PCa
(Supplemental Table S1, Supplemental Figure S3 and
Supplemental Figure S6). Only TCGA RNA-seq dataset
was utilized to investigate the association between
miRNA-222-3p expression in patients with PCa and
clinical characteristics because the other datasets lacked
details of the clinicopathological parameters of PCa
patients. As shown in Supplemental Table S2,
miRNA-222-3p was significantly decreased in PCa
patients aged >60 years, with T3 classification, N1
classification, M1 classification, Gleason score >8 and
disease recurrence. In addition, the Kaplan-Meier sur-
vival analysis revealed that low miRNA-222-3p expres-
sion was related to poorer metastasis-free survival
(MES) in patients with PCa, although no significant
correlation was observed between miRNA-222-3p and
overall survival (OS) (Figure 4(a,b)).

3.2. Potential target genes of miRNA-222-3p in
MPCa

3.2.1. Gene expression data for MPCa cell lines
after miRNA-222-3p transfection

Potential target genes regulated by miRNA-222-3p
were acquired based on gene expression of MPCa

Table 1. The means and standard deviations of miRNA-222-3p expression levels in LPCa and MPCa based on six studies.

MPCa LPCa

Study Country Year Sample type M SD N M SD

GSE21036 USA 2010 tissue 6.770 1.443 99 8.644 0.927
GSE26964 China 2011 tissue 4217 2.045 6 7.735 2.920
GSE134266 China 2019 tissue 2.256 0.312 20 221 0.112
GSE117674 Canada 2018 tissue 11.339 0.646 19 11.981 0.537
GSE112264 Japan 2018 tissue 63 2.454 2470 746 2.358 2428
TCGA NA NA tissue 20 4.804 0.597 481 5.394 0.859

LPCa: localized prostate cancer; MPCa: metastatic prostate cancer; N: number; M: mean; SD: standard deviation; TCGA: The Cancer Genome Atlas.
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Figure 1. TCGA: The Cancer Genome Atlas; LPCa: localized prostate cancer; MPCa: metastatic prostate cancer.
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Figure 2. The ROC curves of miRNA-222-3p for distinguishing capacity in MPCa samples. area under the curve: area under the curve;
TCGA: The Cancer Genome Atlas; ROC: receiving operator characteristicc MPCa: metastatic prostate cancer.

cell lines (GSM1357604 and GSM1357687) in the
GEO database. Using the criteria (|log2FC| > 1),
6,542 genes were identified in GSM1357604 and

5,732 in GSM1357687. Finally, after eliminating
duplicates, we acquired 9,617 potential target
genes of miRNA-222-3p in MPCa.
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3.2.2. Upregulated genes among the DEGs in
MPCa

Based on 10 studies of MPCa, genes that appeared
at least three times among the groups of upregu-
lated DEGs. As a result, 723 genes were deemed to

be the potential target genes of miRNA-222-3p.

3.2.3. Online prediction databases

In total, 8,194 potential target genes of miRNA-
222-3p were selected via miRWalk2.0. By inter-
secting the genes that were selected from the
three different methods described in Section 2.2,
we identified 118 potential target genes of



BIOENGINEERED (&) 331

a Overall survival b Metastasis Free Survival C Up-regulated DEGs Prediction databases
100-*-.-“{: 1004 200
(25 S g 299 5038
c — 2
(?) 8 118
T 504 < 4
§ Logrank P=0.2365 3 = Logrank p=0.0017 106 2338
> -~ High miR-222-3p & -~ High miR-222-3p
| Low miR-222-3p . — Low miR-222-3p 6555
0 50 100 150 0 50 100 150
Months Months PCa metastatic cell line
d Biological process e Cellular component
cell-cell adhesion . cell junction [ ]
G2/M transition of mitotic cell cycle [ ] spindle microtubule o
sister chromatid cohesion [ ] Number spindle [ ] GeneRatio
® 50 0.100
phospholipid translocation [ ] ® 75 P . 0.075
@ 10.0 0.050
cochlea morphogenesis ° . 125 midbody L4 0.025
Il proliferati o GenERaln trans-Golgi network o
cell proliferation rans-Golgi networl
0.030 Number
0.025 e 10
mitotic cytokinesis ° 0.020 pronucleus . ® 20
0.015 @® 30
positive regulation of cell motility . 0.010 clathrin coat of coated pit . . 40
mitotic chromosome condensation { o cell-cell adherens junction @
mitotic G2 DNA damage checkpoint { o membrane @)
175 200 225 250 275 20 25 30 35
-log10(p.adjust) -log10(p.adjust)
f Molecular function g Enriched pathway
dherin binding i lved it ll-cell
cadaherin binding involve: Irla(C"e;escign‘ .
p53 signaling pathway [ ]
protein kinase binding - [ ]
GeneRatio
dystroglycan binding 4 .
Number 0.020
Cell cycle @ 0.016
identical protein binding - o ® 10 ’
® 20 0.012
® 30
ATP binding { o Eiie
GeneRatio Oocyte meiosis ] Number
DNA binding, bending 4 . 0.04 « 3
0.03 ® 4
protein binding - { ] 0.02 ® 5
) ® 6
Endocyt
0.01 ndocytosis o ®7
fatty acid binding{ . 8
@9
protein heterodimerization activity - @
Mucin type O-Glycan biosynthesis { o
copper ion binding{ e
150 175 2.00 125 150 175 2.00
-log10(p.adjust) -log10(p.adjust)
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miRNA-222-3p for further investigation (Figure
4(c)).

3.3. GO, KEGG and PPI network analyses

The GO enrichment analysis was performed to deter-
mine the functional annotations of 118 potential target
genes of miRNA-222-3p. The top 10 GO functional
annotations for the potential target genes of miRNA-
222-3p in the biological process (BP), cellular compo-
nent (CC) and molecular function (MF) categories are
presented in Figure 4(d-f), respectively. The most
enriched GO terms were ‘cell-cell adhesion’ in BP,
‘cell junction’ in CC, and ‘cadherin binding involved
in cell-cell adhesion’ in MF. According to the KEGG
pathway analysis, the most remarkable enrichment of
potential target genes of miRNA-222-3p was in the ‘p53
signaling pathway’ (Figure 4(g)). In the PPI network
analysis, SNAP91 showed the highest connectivity
among the hub genes and was selected for subsequent
analysis (Supplemental Figure S4).

3.4. The correlation between miRNA-222-3p and
SNAP91

We identified complementary binding sequences
consisting of seven base-pairs between miRNA-
222-3p and SNAP91 (Figure 5(a)). Spearman’s

correlation analysis revealed a significant inverse
correlation between miRNA-222-3p expression
and SNAP91 expression both in MPCa
(r = -0.636, P = 0.006) and PCa (r = -0.343,
P < 0.001) (Figure 5(b,)). Furthermore, we
found that the expression of miRNA-222-3p was
negatively correlated with SNAP91 expression in
14 different cancers (Supplemental Figure S5).

3.5. Clinical significance of SNAP91 in MPCa

After screening, we identified nine studies contain-
ing SNAP91 expression data in MPCa (Table 2
and Supplemental Figure S7). Based on these
nine studies, the differential expression of
SNAPI1 in LPCa and MPCa samples is shown in
Figure 7, and the distinguishing ability of SNAP91
in MPCa samples is shown in Figure 8. Random-
effect models were used to merge the standard
mean difference due to the heterogeneity in the
data among individual studies (* = 61.1%).
According to the combined results, SNAP91 was
upregulated in 299 MPCa samples compared to
938 LPCa samples (Figure 6(a-d)). In addition,
the summary receiver operating characteristic
curves showed that the area under the curve was
0.87 (95% CI: 0.83 to 0.89) for SNAP9I in distin-
guishing between MPCa and LPCa (Figure 6(e,f)).
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Figure 5. The association between miRNA-222-3p and SNAP91. (a) The binding sequence between SNAP91 and miRNA-222-3p. (b)
Spearman'’s correlation analysis between miRNA-222-3p and SNAP91 in MPCa. (c) Spearman’s correlation analysis between miRNA-
222-3p and SNAP91 in PCa. SNAP91: synaptosome-associated protein 91; MPCa: metastatic prostate cancer; PCa: prostate cancer.



These results indicated that SNAP91 was upregu-
lated in MPCa and had a moderate ability to
differentiate MPCa from LPCa. SNAP91 was
found to be notably upregulated in PCa based on
analysis of 16 datasets with 1,176 PCa samples and
495 non-PCa samples (Supplemental Table S3,
Supplemental Figure S8 and Supplemental Figure
S9). Based on the HPA database, the SNAP91
protein expression level was moderate in PCa sam-
ples, while SNAP91 protein expression was not
detected in normal samples (Figure 9(a—c)).
Evaluation of the clinical significance of SNAP91
in PCa in TCGA database suggested that SNAP91
was significantly upregulated in PCa patients with
M1 classification, Gleason score >8 and disease
recurrence (Supplemental Table S4). The Kaplan-
Meier survival analysis revealed that patients with
higher SNAP91 expression had a shorter MFS,
while there was no significant correlation between
SNAPI1 expression and OS (Figure 9(d,e)).

4. Discussion

In this study, we investigated the clinical sig-
nificance of miRNA-222-3p and its potential
molecular mechanism in MPCa. Our analysis
of 1,502 samples from miRNA chip and
miRNA sequencing datasets revealed downre-
gulated expression of miRNA-222-3p in
MPCa. SNAP91 was identified as a hub gene
in MPCa, and a significant negative correlation
was identified between miRNA-222-3p and
SNAPI1 in MPCa. Our analysis of 1,237 sam-
ples showed that SNAP91 was highly expressed
in MPCa. In addition, the downregulation of
miRNA-222-3p and upregulation of SNAPII

BIOENGINEERED (&) 333

have moderate potential for distinguishing
MPCa from LPCa and are associated with
worse metastasis-free survival in MPCa. Our
results indicated that miRNA-222-3p might
play an important role in MPCa by regulating
SNAPI1 expression.

The expression of miRNA-222-3p in PCa has
been widely reported, although the results are
controversial. In some studies, miRNA-222-3p
was found to be highly expressed in PCa tissues
and functioned as a proto-oncogene [26-29].
However, other studies showed that miRNA-
222-3p was downregulated in PCa tissues and
was considered to function as a tumor suppres-
sor factor [30-32]. Based on 1,480 PCa tissue
samples, we found that miRNA-222-3p expres-
sion was lower in PCa than that in non-PCa,
and the large sample sizes lend credibility to
these results. Reports of the expression of
miRNA-222-3p in body fluids in PCa patients
are inconsistent. Jacob et al. found that
miRNA-222-3p was significantly downregulated
in 215 urine samples from PCa patients com-
pared with the levels detected in 29 urine sam-
ples from non-PCa individuals [28]. In a study
of plasma samples from 70 patients and urine
samples from 33 patients before radical prosta-
tectomy, Nikhil et al. found high miRNA-222-
3p expression in urine, while there was no sig-
nificant change in the levels detected in plasma
samples [29]. In our study, we found that there
was no significant difference in the expression
of miRNA-222-3p between 225 PCa samples
and 204 control samples, which may be related
to the small sample size and the source of body
fluids (including serum, plasma and urine).

Table 2. The means and standard deviations of SNAP91 expression levels in LPCa and MPCa based on nine studies.

MPCa LPCa

Study Country Year Sample type N M SD N M SD

GSE3325 USA 2005 tissue 4 7.356 0.865 5 7.334 0.306
GSE32269 USA 2011 tissue 29 4.565 1.454 22 4914 1.079
GSE77930 USA 2016 tissue 149 7.589 1.022 22 7.440 0.700
GSE6919 USA 2007 tissue 25 4476 2.089 66 4210 1.301
GSE116918 UK 2018 tissue 22 3.339 0.746 225 2.850 0.692
GSE68882 USA 2015 tissue 9 6.084 1.928 23 5.280 1.288
GSE55935 Norway 2014 tissue 8 7.886 0.859 38 8.181 0.885
GSE35988 USA 2012 tissue 32 -0.227 0.573 59 -0.104 0.177
TCGA NA NA tissue 21 2.163 0.432 478 1.295 0.873

SNAP91: synaptosome-associated protein 91; LPCa: localized prostate cancer; MPCa: metastatic prostate cancer; N: number; M: mean; SD: standard

deviation; TCGA: The Cancer Genome Atlas.
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Figure 6. The expression and distinguishing capacity of SNAP91 in MPCa. (a) Forest plot. (b) Sensitivity analysis plot. (c) The Begg's
funnel plot of the publication bias. (d) Egger’s publication bias plot. (€)SROC curve. (f) Deek’s funnel plot test. TCGA: The Cancer
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Therefore, the expression of miRNA-222-3p in To the best of our knowledge, there are only
the body fluids of PCa patients requires further  two reports of the expression of miRNA-222-3p in
investigation in a larger sample. MPCa. Mercatelli et al. found that miRNA-222-3p
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synaptosome-associated protein 91; LPCa: localized prostate cancer; MPCa: metastatic prostate cancer.

was highly expressed in metastatic bone tumors
[25]. In another study, miR-222 was shown to be
downregulated in MPCa [15]. These contradictory
results of these studies prompted us to verify the
expression of miRNA-222-3p in MPCa through
analysis of a large sample. In this study, we ana-
lyzed 1,502 samples and found that miRNA-222-
3p was significantly downregulated in MPCa. We
also found that the downregulated expression of
miRNA-222-3p had a moderate ability to distin-
guish MPCa from LPCa (area wunder the
curve = 0.81). By analyzing the PCa samples in
TCGA database, we observed that the low
miRNA-222-3p expression was associated with
worse clinicopathological results in PCa patients,
although there was no obvious correlation with
OS, which may be related to the relatively high
five-year OS rate in PCa patients. In addition, we
observed that patients with low miRNA-222-3p

expression have worse MFS. Thus, our results
implicate miRNA-222-3p as a biomarker of MPCa.

We screened 118 potential target genes of
miRNA-222-3p using three methods. KEGG
pathway analysis showed that the potential target
genes of miRNA-222-3p were significantly
enriched in the p53 signaling pathway. Previous
studies have indicated that the p53 signal pathway
is involved in the process of tumor metastasis.
For example, activation of the p53 pathway inhi-
bits metastasis in colorectal cancer [33] and the
activation of the p53 pathway weakened metasta-
sis and invasion in gastric cancer [34].
Furthermore, Yang et al. found that p53 pathway
may be regulated by SEMA4C, which has an
impact on the metastasis and progression of
breast cancer [35]. In addition, p53 can mutate
into p53S to induce the growth and metastasis of
PCa cells [36]. Therefore, we speculate that
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Figure 8. The ROC curves of SNAP91 for distinguishing capacity in MPCa samples. area under the curve: area under the curve; TCGA:
The Cancer Genome Atlas; ROC: receiving operator characteristicc SNAP91: synaptosome-associated protein 91; MPCa: metastatic

prostate cancer.

miRNA-222-3p participates in PCa metastasis by
regulating the p53 signal pathway, although this
hypothesis requires verification in further studies.

In the PPI network analysis, SNAP91 had the
highest degree of connectivity and was identified
as a hub gene. Using the miRWalk2.0 database, we
identified complementary binding sequences con-
sisting of seven base-pairs between miRNA-222-3p
and SNAPI1. By analyzing TCGA MPCa samples,
we found a significant negative correlation
between miRNA-222-3p and SNAP9I1. Therefore,

we speculated that the negative regulation of
SNAP91 by miRNA-222-3p was involved in the
metastasis of PCa. SNAP91 encodes clathrin coat
assembly protein 180 (AP180) and is critical for
the synthesis and effect of clathrin-coated vesicles,
which are the main way of recovering vesicles of
the presynaptic membrane [37]. SNAPI1 is mainly
distributed in the polar part of the synapse, parti-
cipating in the vesicular transport of neurotrans-
mitters [38]. Previous studies mainly reported the
relationship between SNAP91 and nervous system
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Figure 9. HPA immunohistochemistry and Kaplan-Meier analysis of SNAP91. (a) The expression level of SNAP91 protein was not
detected in normal prostate tissue (Antibody HPA029633, Male, age 60). (b) The expression level of SNAP91 protein was not
detected in normal prostate tissue (Antibody HPA029632, Male, Age 48). (c) The expression level of SNAP91 protein was moderate in
prostate adenocarcinoma (Antibody HPA029633, Male, age 79). (d) Overall survival of patients with different SNAP91 expression in
PCa. (e) Metastasis-free survival rate of patients with different SNAP91 expression in PCa. HPA: Human Protein Atlas; SNAP91:

synaptosome-associated protein 91.

diseases. Yemni et al. identified SNAP91 as one of
the susceptibility genes of Parkinson’s disease
through the method of whole exome sequencing,
and involuntary movement was observed in the
SNAPI1 transgenic mice [39]. AP180 knockout

mice showed excitatory/inhibitory imbalance,
which underlies epilepsy [40]. SNAP91 was
reported as one of the susceptibility genes of schi-
zophrenia [41,42]. SNAP91 protein level in
patients with Alzheimer’s disease was significantly
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decreased, and the reduction of AP180 resulted in
synaptic dysfunction, which might be associated
with cognitive deficit [43]. At present, only few
studies reported SNAP91 in cancer. Pan et al.
found that miRNA-301b promoted the develop-
ment of human esophageal cancer by targeting
SNAP91, and the downregulation of SNAP91 in
esophageal cancer tissues was related to the poor
prognosis of patients [44]. Gao et al. reported that
SNAP91 was reduced in glioblastoma and conver-
sely associated with glioma grade [45]. Thus far,
no study has mentioned SNAP91 in PCa. In this
study, our analysis of the data from 1,671 samples
showed that SNAP91 mRNA expression was upre-
gulated in PCa. Immunohistochemistry results
showed that SNAP91 protein expression was also
highly expressed in PCa. Our analysis of 1,237
samples revealed that SNAP91 expression was
increased in MPCa (standard mean differ-
ence = 0.29), and had a moderate ability to dis-
criminate between MPCa and LPCa (area under
the curve = 0.87). TCGA database analysis showed
that high SNAP91 expression was associated with
poor clinicopathological outcomes and worse
MFS. Our results show that SNAPI1 is associated
with the metastatic phenotype of PCa and may
facilitate tumor metastasis in PCa, which needs
verification in our continued studies.

Although our study provides some new clues to
the molecular mechanism of MPCa, some limita-
tions should be noted. First of all, there was
a significant heterogeneity in the data analyzed in
our study, which reduces the credibility of our
results to a certain extent. Second, the expression
and diagnostic potential of miRNA-222-3p and
SNAP91 were studied based on tissue samples,
and their diagnostic value in MPCa requires
further investigation based on body fluid samples.
Third, although we evaluated the clinical signifi-
cance of miRNA-222-3p and SNAPI1 in MPCa,
their biological functions and relationships in
MPCa require further investigation both in vivo
and in vitro.

5. Conclusion

In summary, our results suggest that miRNA-222-
3p is significantly downregulated in MPCa (stan-
dard mean difference = —0.76, area under the

curve = 0.81), and it may participate in the metas-
tasis of PCa by negatively regulating the expression
of SNAP91. MiRNA-222-3p might be a potential
biomarker and therapeutic target of MPCa.

Highlights

(1) Low miRNA-222-3p expression was detected
in metastatic prostate cancer (MPCa) (stan-
dard mean difference = -0.76).

(2) SNAP91 was identified as one of hub genes
of miRNA-222-3p in MPCa.

(3) MiRNA-222-3p was negatively correlated with
SNAP91 in MPCa (r = —-0.636, P = 0.006).

(4) High SNAP91 expression was detected in
MPCa (standard mean difference = 0.29).

(5) MiRNA-222-3p could discriminate MPCa
from LPCa (area under the curve = 0.81).
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