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ABSTRACT
The clinical significance and underlying molecular mechanism of miRNA-222-3p in metastatic 
prostate cancer (MPCa) remain unclear. The present study used a large number of cases 
(n = 1,502) based on miRNA chip and miRNA sequencing datasets to evaluate the expression 
and diagnostic potential of miRNA-222-3p in MPCa. We applied a variety of meta-analytic 
methods, including forest maps, sensitivity analysis, subgroup analysis and summary receiver 
operating characteristic curves, to prove the final results. MiRNA-222-3p was reduced in MPCa 
and had a moderate diagnostic potential in MPCa. We screened 118 miRNA-222-3p targets using 
three different methods including miRNA-222-3p transfected MPCa cell lines, online prediction 
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 
PVT1 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 
HOXC10 [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.
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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 
|log2FC| > 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 

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 SNAP91 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 t-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 SNAP91 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 
SNAP91 in two independent groups, the pooled 
standard mean difference with 95% confidence 
intervals (CI) was determined using Stata14.0 soft-
ware (Stata Corporation, College Station, TX, 
USA). When P < 0.05 or I2 > 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 differ-
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. 
SNAP91 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 
(MFS) 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 N M SD N M SD
GSE21036 USA 2010 tissue 14 6.770 1.443 99 8.644 0.927
GSE26964 China 2011 tissue 7 4.217 2.045 6 7.735 2.920
GSE134266 China 2019 tissue 8 2.256 0.312 20 2.211 0.112
GSE117674 Canada 2018 tissue 19 11.339 0.646 19 11.981 0.537
GSE112264 Japan 2018 tissue 63 2.454 2.470 746 2.358 2.428
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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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.

Figure 1. TCGA: The Cancer Genome Atlas; LPCa: localized prostate cancer; MPCa: metastatic prostate cancer.

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 characteristic; MPCa: metastatic prostate cancer.
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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 

Figure 3. The expression and distinguishing capacity of miRNA-222-3p 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. (e)SROC curve. (f) Deek’s funnel plot test. TCGA: The 
Cancer Genome Atlas; standard mean difference: standard mean difference; CI: confidence interval; area under the curve: area under 
the curve; SROC: summarized receiver operating characteristic; MPCa: metastatic prostate cancer.

330 Y. SUN ET AL.



Figure 4. Kaplan-Meier analysis of miRNA-222-3p and the GO and KEGG pathway analyses of target genes in MPCa. (a) Overall 
survival of patients with different miRNA-222-3p expression in PCa. (b) Metastasis-free survival rate of patients with different miRNA- 
222-3p expression in PCa. (c)The Venn diagrams of potential target genes of miRNA-222-3p. (d) Biological process (BP). (e) Cellular 
component (CC). (f) Molecular function (MF). (g) KEGG pathway analysis. DEGs: differently expressed genes; PCa: prostate cancer; GO: 
Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; MPCa: metastatic prostate cancer.
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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,c)). 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 
SNAP91 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 (I2 = 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 SNAP91 in distin-
guishing between MPCa and LPCa (Figure 6(e,f)). 

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.
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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 
SNAP91 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 
SNAP91 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 SNAP91 

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 
SNAP91 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 4.914 1.079
GSE77930 USA 2016 tissue 149 7.589 1.022 22 7.440 0.700
GSE6919 USA 2007 tissue 25 4.476 2.089 66 4.210 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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Therefore, the expression of miRNA-222-3p in 
the body fluids of PCa patients requires further 
investigation in a larger sample.

To the best of our knowledge, there are only 
two reports of the expression of miRNA-222-3p in 
MPCa. Mercatelli et al. found that miRNA-222-3p 

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. (e)SROC curve. (f) Deek’s funnel plot test. TCGA: The Cancer 
Genome Atlas; standard mean difference: standard mean difference; CI: confidence interval; area under the curve: area under the 
curve; SROC: summarized receiver operating characteristic; SNAP91: synaptosome-associated protein 91; MPCa: metastatic prostate 
cancer.
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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 under 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 

Figure 7. Expression levels of SNAP91 between LPCa samples and MPCa samples. TCGA: The Cancer Genome Atlas; SNAP91: 
synaptosome-associated protein 91; LPCa: localized prostate cancer; MPCa: metastatic prostate cancer.
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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 SNAP91. By analyzing TCGA MPCa samples, 
we found a significant negative correlation 
between miRNA-222-3p and SNAP91. 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]. SNAP91 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 

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 characteristic; SNAP91: synaptosome-associated protein 91; MPCa: metastatic 
prostate cancer.
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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 
SNAP91 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 

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.
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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 SNAP91 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 SNAP91 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).

Disclosure statement

No potential conflict of interest was reported by the author.

Funding

This work was supported by the National Natural Science 
Foundation of China (grant number 81760485), Guangxi 
Degree and Postgraduate Education Reform and 
Development Research Projects, China (JGY2019050), 
Guangxi Higher Education Undergraduate Teaching Reform 
Project (2020JGA146), Guangxi Medical University 
Education and Teaching Reform Project (2019XJGZ04), and 
Guangxi Zhuang Autonomous Region Health and Family 
Planning Commission Self-financed Scientific Research 
Project (Z20180483).

References

[1] Groarke A, Curtis R, Skelton J, et al. Quality of life and 
adjustment in men with prostate cancer: interplay of 
stress, threat and resilience. PloS One. 2020;15(9): 
e0239469.

[2] Marra G, Valerio M, Heidegger I, et al. Management of 
patients with node-positive prostate cancer at radical 
prostatectomy and pelvic lymph node dissection: 
a systematic review. Eur Urol Oncol. 2020;3 
(5):565–581.

[3] Thüring M, Knuchel R, Picchetta L, et al. The prog-
nostic value of Indoleamine-2,3-dioxygenase gene 
expression in urine of prostate cancer patients 

338 Y. SUN ET AL.



undergoing radical prostatectomy as first treatment of 
choice. Front Immunol. 2020;11:1244.

[4] Shao L, Yan Y, Liu Z, et al. Radiologist-like artificial 
intelligence for grade group prediction of radical pros-
tatectomy for reducing upgrading and downgrading 
from biopsy. Theranostics. 2020;10(22):10200–10212.

[5] Goldberg H, Glicksman R, Woon D, et al. Can 
post-treatment free PSA ratio be used to predict 
adverse outcomes in recurrent prostate cancer? BJU 
Int. 2020. DOI:10.1111/bju.15236

[6] Bartkowiak D, Thamm R, Siegmann A, et al. Lead-time 
bias does not falsify the efficacy of early salvage radio-
therapy for recurrent prostate cancer. Radiother Oncol. 
2020;154:255–259.

[7] Ricco A, Mukhopadhyay N, Deng X, et al. Moderately 
hypofractionated intensity modulated radiation ther-
apy with simultaneous integrated boost for prostate 
cancer: five-year toxicity results from a prospective 
phase I/II Trial. Front Oncol. 2020;10:1686.

[8] Daisley B, Chanyi R, Abdur-Rashid K, et al. 
Abiraterone acetate preferentially enriches for the gut 
commensal Akkermansia muciniphila in 
castrate-resistant prostate cancer patients. Nat 
Commun. 2020;11(1):4822.

[9] Schmidt A, Anton A, Shapiro J, et al. Treatment out-
comes for patients with metastatic castrate-resistant pros-
tate cancer following docetaxel for hormone-sensitive 
disease. Asia Pac J Clin Oncol. 2020;38:78.

[10] Seifert R, Kessel K, Schlack K, et al. PSMA PET total 
tumor volume predicts outcome of patients with 
advanced prostate cancer receiving [177Lu]Lu-PSMA- 
617 radioligand therapy in a bicentric analysis. Eur 
J Nucl Med Mol Imaging. 2020. DOI:10.1007/s00259- 
020-05040-1

[11] Thibord F, Munsch G, Perret C, et al. Bayesian net-
work analysis of plasma microRNA sequencing data in 
patients with venous thrombosis. Eur Heart J Suppl. 
2020;22:C34–C45.

[12] Wang J, Wu L, Jin Y, et al. Identification of key 
miRNAs in papillary thyroid carcinoma based on data 
mining and bioinformatics methods. Biomed Rep. 
2020;12(1):11–16.

[13] Liu J, Yu J, Jiang W, et al. Targeting of CDKN1B by 
miR-222-3p may contribute to the development of 
intervertebral disc degeneration. FEBS Open Bio. 
2019;9(4):728–735.

[14] Nejad C, Pillman K, Siddle K, et al. miR-222 isoforms 
are differentially regulated by type-I interferon. RNA. 
2018;24(3):332–341.

[15] Coarfa C, Fiskus W, Eedunuri V, et al. Comprehensive 
proteomic profiling identifies the androgen receptor 
axis and other signaling pathways as targets of 
microRNAs suppressed in metastatic prostate cancer. 
Oncogene. 2016;35(18):2345–2356.

[16] Mattie M, Benz C, Bowers J, et al. Optimized 
high-throughput microRNA expression profiling 

provides novel biomarker assessment of clinical pros-
tate and breast cancer biopsies. Mol Cancer. 2006;5:24.

[17] Liao G, Xiong H, Tang J, et al. MicroRNA-92a inhibits 
the cell viability and metastasis of prostate cancer by 
targeting SOX4. Technol Cancer Res Treat. 
2020;19:1533033820959354.

[18] Zhang Q, Yang X, Luo L, et al. Targeted p21 activation 
by a new double stranded RNA suppresses human 
prostate cancer cells growth and metastasis. Am 
J Transl Res. 2020;12(8):4175–4188.

[19] Sun F, Wu K, Yao Z, et al. Long Noncoding RNA 
PVT1 Promotes Prostate Cancer Metastasis by 
Increasing NOP2 Expression via Targeting Tumor 
Suppressor MicroRNAs. Onco Targets Ther. 
2020;13:6755–6765.

[20] Peng Y, Li Y, Li Y, et al. HOXC10 promotes tumour 
metastasis by regulating the EMT-related gene Slug in 
ovarian cancer. Aging (Albany NY). 2020;12 
(19):19375–19398.

[21] Jiang K, Li G, Chen W, et al. Plasma Exosomal 
miR-146b-5p and miR-222-3p are Potential 
Biomarkers for Lymph Node Metastasis in Papillary 
Thyroid Carcinomas. Onco Targets Ther. 
2020;13:1311–1319.

[22] Lyu J, Zhu Y, Zhang Q. An increased level of MiR-222- 
3p is associated with TMP2 suppression, ERK activa-
tion and is associated with metastasis and a poor prog-
nosis in renal clear cell carcinoma. Cancer Biomarkers. 
2020;28(2):141–149.

[23] Wei F, Ma C, Zhou T, et al. Exosomes derived from 
gemcitabine-resistant cells transfer malignant phenoty-
pic traits via delivery of miRNA-222-3p. Mol Cancer. 
2017;16(1):132.

[24] Fan L, Lei H, Zhang S, et al. Non-canonical signaling 
pathway of SNAI2 induces EMT in ovarian cancer cells 
by suppressing miR-222-3p transcription and upregu-
lating PDCD10. Theranostics. 2020;10(13):5895–5913.

[25] Mercatelli N, Coppola V, Bonci D, et al. The inhibition 
of the highly expressed miR-221 and miR-222 impairs 
the growth of prostate carcinoma xenografts in mice. 
PloS One. 2008;3(12):e4029.

[26] Sun T, Wang Q, Balk S, et al. The role of 
microRNA-221 and microRNA-222 in 
androgen-independent prostate cancer cell lines. 
Cancer Res. 2009;69(8):3356–3363.

[27] Sun T, Du S, Armenia J, et al. Expression of lncRNA 
MIR222HG co-transcribed from the miR-221/222 gene 
promoter facilitates the development of 
castration-resistant prostate cancer. Oncogenesis. 2018;7 
(3):30.

[28] Fredsøe J, Rasmussen A, Mouritzen P, et al. A 
five-microRNA model (pCaP) for predicting prostate 
cancer aggressiveness using cell-free urine. 
Int J Cancer. 2019;145(9):2558–2567.

[29] Sapre N, Hong M, Macintyre G, et al. Curated 
microRNAs in urine and blood fail to validate as 

BIOENGINEERED 339

https://doi.org/10.1111/bju.15236
https://doi.org/10.1007/s00259-020-05040-1
https://doi.org/10.1007/s00259-020-05040-1


predictive biomarkers for high-risk prostate cancer. 
PloS One. 2014;9(4):e91729.

[30] Goto Y, Kojima S, Nishikawa R, et al. MicroRNA 
expression signature of castration-resistant prostate 
cancer: the microRNA-221/222 cluster functions as 
a tumour suppressor and disease progression marker. 
Br J Cancer. 2015;113(7):1055–1065.

[31] Valera V, Parra-Medina R, Walter B, et al. microRNA 
expression profiling in young prostate cancer patients. 
J Cancer. 2020;11(14):4106–4114.

[32] Krebs M, Solimando A, Kalogirou C, et al. miR-221-3p 
regulates VEGFR2 expression in high-risk prostate 
cancer and represents an escape mechanism from suni-
tinib in vitro. J Clin Med. 2020;9(3):670.

[33] Liu Y, Wang G, Jiang X, et al. TRIM67 inhibits tumor 
proliferation and metastasis by mediating in Colorectal 
Cancer. J Cancer. 2020;11(20):6025–6037.

[34] Liu D, Xiao P, Feng C, et al. Long non-coding RNA 
GASL1 restrains gastric carcinoma cell proliferation 
and metastasis by sponging microRNA-106a. Cell 
Cycle. 2020;19:2611–2621

[35] Yang J, Zeng Z, Qiao L, et al. Semaphorin 4C promotes 
macrophage recruitment and angiogenesis in breast 
cancer. Mol Cancer Res. 2019;17(10):2015–2028.

[36] Liu Q, Yu B, Tian Y, et al. P53 Mutant p53 regulates 
cancer-associated fibroblasts properties through Stat3 
pathway. Onco Targets Ther. 2020;13:1355–1363.

[37] Ryan T. A pre-synaptic to-do list for coupling exocytosis 
to endocytosis. Curr Opin Cell Biol. 2006;18(4):416–421.

[38] Clifford R, Maryon E, Kaplan J. Dynamic internaliza-
tion and recycling of a metal ion transporter: cu 

homeostasis and CTR1, the human Cu� uptake system. 
J Cell Sci. 2016;129(8):1711–1721.

[39] Yemni E, Monies D, Alkhairallah T, et al. Integrated 
analysis of whole exome sequencing and copy number 
evaluation in Parkinson’s disease. Sci Rep. 2019;9 
(1):3344.

[40] Koo S, Kochlamazashvili G, Rost B, et al. Vesicular 
Synaptobrevin/VAMP2 levels guarded by AP180 con-
trol efficient neurotransmission. Neuron. 2015;88 
(2):330–344.

[41] Takata A, Matsumoto N, Kato T. Genome-wide iden-
tification of splicing QTLs in the human brain and 
their enrichment among schizophrenia-associated loci. 
Nat Commun. 2017;8:14519.

[42] Shang D, Liu Y, Zhang J, et al. Peroxisome proliferator- 
activated receptor γ (PPARγ) suppresses the prolifera-
tion and metastasis of patients with urothelial carcinoma 
after renal transplantation by inhibiting LEF1/β-catenin 
signaling. Bioengineered. 2020;11(1):1350–1367.

[43] Cao Y, Xiao Y, Ravid R, et al. Changed clathrin reg-
ulatory proteins in the brains of Alzheimer’s disease 
patients and animal models. J Alzheimers Dis. 2010;22 
(1):329–342.

[44] Pan F, Chen M, Song X, et al. MicroRNA-301b and 
its target gene synaptosome-associated protein 91 as 
important modulators in esophageal cancer: func-
tional experiments. Anticancer Drugs. 2020;31 
(4):411–422.

[45] Gao Y, Mao X, Zhu T, et al. COL3A1 and SNAP91: 
novel glioblastoma markers with diagnostic and prog-
nostic value. Oncotarget. 2016;7(43):70494–70503.

340 Y. SUN ET AL.


	Abstract
	1.  Introduction
	2.  Materials and methods
	2.1.  Collection of miRNA-222-3p expression data in MPCa and PCa
	2.2.  Screening potential miRNA-222-3p target genes in MPCa
	2.2.1.  MPCa cell lines transfected with miRNA-222-3p
	2.2.2.  Upregulated differentially expressed genes (DEGs) in MPCa
	2.2.3.  The online prediction database

	2.3.  GO, KEGG and PPI network analyses
	2.4.  Correlation analysis of miRNA-222-3p and SNAP91
	2.5.  The clinical significance of SNAP91 in MPCa
	2.6.  Statistical analysis

	3.  Results
	3.1.  Clinical significance of miRNA-222-3p in MPCa
	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
	3.2.2.  Upregulated genes among the DEGs in MPCa
	3.2.3.  Online prediction databases

	3.3.  GO, KEGG and PPI network analyses
	3.4.  The correlation between miRNA-222-3p and SNAP91
	3.5.  Clinical significance of SNAP91 in MPCa

	4.  Discussion
	5.  Conclusion
	Highlights
	Disclosure statement
	Funding
	References



