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miRNA-877-5p inhibits malignant progression of prostate cancer by directly 
targeting SSFA2
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In this study, we aimed to investigate the role of miR-877-5p in the malignant phenotypes of prostate cancer
(PCa) cells and its underlying mechanism. RT-qPCR analysis was performed to examine the expression of miR-
877-5p and sperm-specific antigen 2 (SSFA2) in PCa tissues and cells. Cell counting kit-8 (CCK-8) assay, 5-
ethynyl-20-deoxyuridine (EdU) assay, flow cytometry, wound-healing assay, and Transwell invasion assay
were performed to determine the functional roles of miR-877-5p in PCa cells. The association of miR-877-5p
with SSFA2 was determined by luciferase reporter and RNA pull-down assays. In this study, we found that the
expression level of miR-877-5p was decreased in PCa tissues and cells. Functionally, overexpression of miR-
877-5p exerted tumor suppressor properties in PCa cells. Mechanistically, SSFA2 was identified as a target
gene of miR-877-5p, while overexpression of SSFA2 could abrogate the anti-tumor effects of miR-877-5p in
PCa cells. These findings demonstrated that miR-877-5p/SSFA2 axis functioned as a potential target for PCa
treatment.
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Introduction
Prostate cancer (PCa) is one of the most common malignancies

in the urinary system, since its high morbidity and mortality.1
Although advances have been achieved in the surgery and
chemotherapy, as well as the adjuvant therapy,2-4 the prognosis of
PCa patients still remains unsatisfactory.5 Hence, it is of great
urgency to illustrate the specific molecular mechanisms underlying
the incidence and development of PCa. 

MicroRNAs (miRNAs) are non-coding RNAs containing
18~22 nucleotides, which regulate expressions of target genes by
specific binding to the 3’-untranslated region (3’ UTR) of the tar-
get messenger RNA (mRNA).6 miRNAs have been reported to be
involved in various cellular processes, including cell proliferation,
apoptosis, differentiation and invasion.7-9 It has been reported that
various miRNAs were aberrantly expressed in different types of
cancers, including PCa.6,10,11 For instance, miR-34a suppressed the
PCa stem cells and metastasis by repressing CD44.12 In addition,

miR-3648 facilitates the proliferation via inhibiting adenomatous
polyposis coli 2 in PCa cells.13 miR-515-5p was demonstrated to
serve as a tumor suppressor by targeting TRIP13 in PCa.14

A growing body of evidence suggests that miR-877-5p plays
essential roles in the tumorigenesis of cancers, including ovarian
cancer,15 colorectal cancer,16 hepatocellular carcinoma (HCC),17-19

glioblastoma.20 and so on. For example, lncRNA DSCAM-AS1
promotes the cervical cancer by targeting miR-877-5p/ATXN7L3
axis.21 Moreover, lncRNA TRG-AS1 has been reported to facilitate
glioblastoma cell proliferation by miR-877-5p/SUZ12 axis.20 In
addition, miR-877-5p suppresses cell growth, migration and inva-
sion by targeting cyclin dependent kinase 14 and predicts progno-
sis in hepatocellular carcinoma.19

Nevertheless, the potential role of miR-877-5p in the progres-
sion of PCa is still unclear. Therefore, we designed the current
study to investigate the functions of miR-877-5p in the regulation
of PCa cell growth and metastasis, and to propose a novel miRNA-
mRNA interaction network in PCa progression.

[page 207]

Figure 1. MiR-877-5p suppresses PCa cell proliferation and induces apoptosis. A,B) MiR-877-5p expression at mRNA level in PCa tis-
sues and cell lines were detected using RT-qPCR; *p<0.05, **p<0.01 vs RWPE-1 cells. B) The transfected efficient was verified using
RT-qPCR. C) Cells were cultured for 24, 48 and 72 h and CCK-8 was performed to detect the cell viability. D) Cells were cultured for
48 h and EdU incorporation assay was performed. E) Flow cytometric detection of apoptosis in PC3 and DU145 cells with transfection
of miR-877-5p mimic for 48 h; experiments were independently repeated three times. **p<0.01 vs NC mimic. PCa, prostate cancer;
CCK-8, cell counting kit-8; EdU, 5-ethynyl-20-deoxyuridine.

[European Journal of Histochemistry 2021; 65:xxx]
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Materials and Methods

Clinical tissues
PCa tissues were obtained from 30 patients diagnosed in the

department of TCM Surgery of Affiliated Hospital of Jiangxi
University of Traditional Chinese Medicine (Nanchang, China).
All the specimens were reviewed and verified by pathologists and
immediately frozen in liquid nitrogen. All subjects gave their ver-
bal informed consent for participation in the study. Ethical
approval was obtained for all experimental procedures by the
Ethical Committee of the Affiliated Hospital of Jiangxi University
of Traditional Chinese Medicine

Cell culture and transfection
Human PCa cell lines (P4E6, LNCaP, PC3 and DU145) and

prostate epithelial RWPE-1 cells were bought from Cell Resource
Center of Shanghai Institute of Life Sciences (Shanghai, China)
and cultured in DMEM medium with fetal bovine serum (Gibco,
Rockville, MD, USA) at 37°C with 5% CO2. Then, PC3 and
DU145 cells were transfected with either miR-877-5p mimic,
pcDNA3.1-sperm-specific antigen 2 (SSFA2) or their combina-
tions using Lipofectamin 2000 (Invitrogen, Carlsbad, CA, USA).

The miR-877-5p mimic and pcDNA3.1-SSFA2 were synthesized
by GenePharma (Shanghai, China). 

Luciferase reporter assay
SSFA2 was predicted as a potential target of miR-877-5p

through the TargetScan software (http://www.targetscan.org/). The
binding site was identified by TargetScan and confirmed by a dual
luciferase assay. The 3’UTR wild type (WT) or mutant type (MUT)
sequence of SSFA2 gene was cloned into the vector pGL3 contain-
ing the luciferase reporter gene. Either the WT or MUT plasmids
were transfected into PC3 and DU145 cells by Lipofectamin 2000 in
combination with miR-877-5p mimic; 48 h post-transfection, the
luciferase activity was measured using a dual-luciferase reporter
assay system (Promega, Madison, WI, USA). 

RNA pull-down
Cells were harvested and lysed in specific lysis buffer

(Ambion, Austin, TX, USA). Following this, cell lysates were
added with M-280 streptavidin magnetic beads (Sigma-Aldrich,
St. Louis, MO, USA) coated with RNase-free BSA and yeast
tRNA (Sigma-Aldrich) and incubated at 4°C for 4 h. The enrich-
ment of SSFA2 in co-precipitated RNAs was determined using
real-time quantitative PCR (RT-qPCR).

Figure 2. MiR-877-5p inhibits the metastasis of PCa cells. Cells were treated similarly as in Figure 1. Wound-healing assay (A), transwell
invasion assay (B) and the expression of E-cadherin, Vimentin, Slug and Twist1 (C) in PC3 and DU145 cells with transfected with miR-
877-5p mimic for 48 h. Experiments were independently repeated three times. NC, negative control. *p<0.05 vs NC mimic.
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RT-qPCR
Total RNA was isolated from cells with TRIzol reagent

(Invitrogen). The SuperScript RT kit (Fermentas, Ottawa, Canada)
was adopted to synthesize cDNA. The RT-qPCR assay was then
performed on the Applied Biosystems 7500 Real-Time PCR sys-
tem (Applied Biosystems, Foster City, USA) by utilizing SYBR
Green PCR Master Mix (Takara Bio, Otsu, Japan). U6 and
GAPDH were used as internal references, respectively. RNA
expression was assessed using 2-ΔΔCt method. The primers were
shown in Table 1. 

Western blot
Total protein were obtained from cells lysed with RIPA buffer

(Invitrogen, USA), and protein concentration was measured using
a bicinchoninic acid (BCA) assay, separated by 10% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and
electro-transferred to polyvinylidene fluoride (PVDF) membranes.
The membranes were blocked with 5% non-fat milk for 1 h.
Membranes were immunoblotted with indicated primary antibod-
ies at 4°C overnight. After washing with TBS with Tween-20, cells
were probed with HRP-conjugated secondary antibody for another
2 h. The protein bands were visualized by ECL kit (Millipore,

Bedford, MA, USA) and quantified using ImageJ software.
GAPDH was used as an internal reference. The specific primary
antibodies were as follows: anti-E-cadherin (cat: ab231303,
1:1000; Abcam, Cambridge, UK), anti-Vimentin (ab20346,
1:1000, Abcam), anti-slug (ab27568, 1:1000, Abcam), anti-twist
(ab175430, 1:1000, Abcam), anti-SSFA2 (ab195334, 1:1000,
Abcam) and anti-GAPDH (ab9485, 1:1000, Abcam). The second-
ary antibodies were as follows: goat anti-rabbit IgG H&L (HRP)
(ab97080, 1:20000, Abcam) and goat anti-mouse IgG H&L (HRP)
(ab97040, 1:20000, Abcam).

Figure 3. SSFA2 is a target of miR-877-5p. A) SSFA2 mRNA expression in PCa cell lines; *p<0.05 vs RWPE-1 cells. B) Predicted binding
sites of miR-877-5p in SSFA2 3’-UTR. C) Luciferase assay results from miR-877-5p-overexpressed cells transfected with SSFA2-3’-UTR
reporter plasmids; *p<0.05 vs NC mimic. D) Verification of the relationship between miR-877-5p and SSFA2 by RNA pull-down assay;
*p<0.05 vs Bio-NC; #p<0.05 vs Bio-miR-877-5p WT. E) SSFA2 mRNA and protein levels in PC3 and DU145 cells transfected with
miR-877-5p mimic; *p<0.05 vs NC mimic. Experiments were independently repeated three times. WT, wild type.

[European Journal of Histochemistry 2021; 65:3243]

Table 1. The primer sequences used in qRT-PCR.

miR-877-5p forward        5'-GTAGAGGAGATGGCGCAGGG-3'
miR-877-5p reverse         5'-GTAGAGGAGATGGCGCAGGG-3'
SSFA2 forward                   5'-CGGAGACGGAGGATCTGTC-3'
SSFA2 reverse                   5'-AGTGAGGCTCCCAAAGGTGT-3'
U6 forward                            5 -CTTCGGCAGCACATATACT-3
U6 reverse                          5 -AAAATATGGAACGCTTCACG-3
GAPDH forward            5 -CGGAGTCAACGGATTTGGTCGTAT-3
GAPDH reverse            5 -AGCCTTCTCCATGGTGGTGAAGAC-3
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Proliferation assay
Cell proliferation was assessed by CCK-8 and EdU incorpora-

tion assays (Dojindo, Kumamoto, Japan). For CCK-8, cells
(3×105) were inoculated into each well of 96-well plates and cul-
tured for 0, 24, 48 and 72 h. Then, 10 μL of CCK-8 reagent were
added and cells were incubated for additional 4 h at 37°C. At last,
optical density was determined at a wavelength of 450 nm by a
microplate reader. For EdU assay, EdU incorporation assay using
KFluor488 EdU kit (Invitrogen) according to the manufacturer’s
instructions. 

Apoptosis detection
PC3 and DU145 cells were cultured in a 6-well plate and

labeled with Annexin V/PI fluorescent double staining (BD
Biosciences, Bedford, MA, USA) for 30 min as previously
described.22 The apoptotic cells were assessed using flow cytome-
try (FACScan; BD Biosciences) using FlowJo 10.06 software
(FlowJo LLC, Ashland, OR, USA). 

Migration assay 
Wound-healing assay was used to evaluate cell migration

activity as previously described.23 Briefly, transfected cells were
wounded using a sterile micropipette tip, and photographed under
a microscope (Olympus, Tokyo, Japan) at 0 h and 48 h after
scratching.

Invasion assay
Cell invasion assay was performed using a transwell chamber

(BD Biosciences) as previously described.24 Cells were seeded in
the upper wells, while the lower wells were filled with culture
media with 10% FBS. After 12-h incubation, the cells which did
not invaded to the lower chamber were removed. Cells were fixed
with 4% paraformaldehyde and stained with 1% crystal violet.
Representative images were captured, and the numbers of cells
were counted in five random fields under a light microscope at
×200 magnification and analyzed using Image J software.

Figure 4. MiR-877-5p exhibits tumor-suppressive roles via targeting SSFA2. PC3 cells were transfected with miR-877-5p mimic and/or
pc-SSFA2. A,B) SSFA2 mRNA and protein levels. C) CCK-8 cell viability. D) EdU incorporation assay. E) wound-healing assay. F)
Transwell invasion assay. G) E-cadherin, Vimentin, Slug and Twist1 expression; experiments were independently repeated three times.
NC, negative control; *p<0.05 vs NC mimic+pcDNA3.1; #p<0.05 vs miR-877-5p mimic+pcDNA3.1. 
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Statistical analysis
Experiments were independently repeated three times. All data

were statistically analyzed by SPSS 19.0 software (IBM Corp.)
and expressed as mean ± SD. Student’s t-test and one-way analysis
of variance (ANOVA) were used to assess the difference between
groups; p<0.05 was considered statistically significant.

Results 

miR-877-5p suppresses PCa cell proliferation and
induces apoptosis

As shown in Figure 1A, the expression levels of miR-877-5p
were significantly decreased in PCa tissues and cell lines (P4E6,
LNCaP, PC3 and DU145) (p<0.01) compared with those in the
normal tissues and RWPE-1 cells. Subsequently, to examine the
effect of miR-877-5p on the PCa cell proliferation, we overex-
pressed the miR-877-5p in the PC3 and DU145 cells, since the
miR-877-5p was lower expressed in these cells, by using miR-877-
5p mimic. The miR-877-5p mimic successfully increased the
expression of miR-877-5p in these cells (Figure 1B). More impor-
tantly, CCK-8 and EdU assays demonstrated that miR-877-5p
mimic led to a markedly decrease (p<0.01) in PCa cell prolifera-
tion (Figure 1C-1D). In contrast, the apoptotic rate was enhanced
in miR-877-5p mimic-treated PCa cells (Figure 1E).

miR-877-5p inhibits the metastasis of PCa cells
Cell migration and invasion were evaluated by wound-healing

assay and transwell invasion assay in PCa cells. As shown in
Figure 2A, the wound-healing assay indicated that ectopic expres-
sion of miR-877-5p markedly attenuated the cell migratory capac-
ityof PCa cells (p<0.05). The transwell chamber assay showed that
invaded cells transfected with miR-877-5p mimic significantly less
than those in NC mimic group (Figure 2B). On the other hand, the
epithelial-mesenchymal transition (EMT) process is known to
facilitate the tumorigenesis25 by affecting cancer cell invasion and
metastasis.26,27 It should be noted that EMT is characterized by loss
of the epithelial characteristics, including reduced E-cadherin
expression and increased mesenchymal markers, such as vimentin
and N-cadherin.28,29 Furthermore, the EMT process is regulated by
a set of transcription factors, including Slug and Twist.30 As pre-
sented in Figure 2C, overexpression of miR-877-5p notably
increased the protein levels of E-cadherin, whereas decreased the
expression of Vimentin, Slug and Twist1 in the PCa cells.

SSFA2 is a target of miR-877-5p
Meanwhile, mRNA expression of SSFA2 was markedly upreg-

ulated in PCa tissues and cells, when compared with normal tissues
and RWPE-1 cells, respectively (Figure 3A). The target sites of
SSFA2 and miR-877-5p was determined by TargetScan. The puta-
tive binding sequences of miR-877-5p on the 3’-UTR promoter of
SSFA2 were presented in Figure 3B. The luciferase reporter assay
was carried out and the results showed that the overexpression of
miR-877-5p significantly decreased the luciferase activity of wild-
type SSFA2-3’-UTR in PC3 and DU145 cells (p<0.01; Figure 3C).
RNA pull-down assay suggested the enrichment of SSFA2 by
biotinylated miR-877-5p, further verifying their interaction
(p<0.01; Figure 3D). In addition, overexpression of miR-877-5p
suppressed the mRNA and protein expression of SSFA2 in PCa
cells (p<0.01; Figure 3E).

miR-877-5p exhibits tumor-suppressive roles via target-
ing SSFA2

To further identify the role of SSFA2 in mediating the effect of

miR-877-3p, we overexpressed the SSFA2 by using pc-SSFA2 in
PCa cells transfected with miR-877-3p mimic. The upregulation
efficiency of SSFA2 in PCa cells was confirmed by RT-qPCR
(Figure 4A) and western blot (Figure 4B). Pathologically, enforced
expression of SSFA2 promoted the cell proliferation (Figure 4
C,D), migration (Figure 4E) and invasion (Figure 4F), while led to
a remarkable downregulation of E-cadherin expression, and an
upregulation of Vimentin, Slug and Twist1 expression (Figure 4G),
in the miR-877-5p mimic-treated cells. These results indicated that
SSFA2 functioned as a mediator in linking the beneficial effects of
miR-877-5p overexpression to the PCa progression.

Discussion
In recent years, dysregulation of miRNA-controlled physiolog-

ical homeostasis has been implicated in the carcinogenesis of
PCa.31 In the present study, we determined expression levels of
miR-877-5p in PCa cells, while investigated its functional roles
and underlying molecular mechanisms involved in the pathogene-
sis of PCa. Our research might provide novel insights into the
pathogenesis and therapeutic strategies for PCa.

Studies have increasingly suggested that miRNAs govern their
biological functions in the development of tumors, including PCa.
For example, Wu et al. indicated that miR-302a increases the
chemo-resistance to paclitaxel in PCa cells.32 miR-153 expression
is also an independent prognostic factor in patients with PCa, since
its expression is associated with aggressive pathological parame-
ters in PCa tissues.32 Yang et al. illustrated that knockdown of miR-
139-5p expression promotes EMT process in PCa progression.33 Ji
et al. manifested that miR-589-5p functions as a tumor inhibitor by
affecting tumor migration, invasion and apoptosis.34 miR-877-5p
has been widely studied in various cancers. For instance, MiR-
877-5p suppresses cell growth, migration and invasion by targeting
cyclin dependent kinase 14 in hepatocellular carcinoma.19 In
glioblastoma, miR-877-5p is regulated by lncRNA TRG-AS1 and
promotes tumor cell proliferation via targeting suppressor of Zeste
12 (SUZ12).20 Herein, we found that miR-877-5p was dramatically
downregulated in PCa cell lines. The overexpression of miR-877-
5p can inhibit the proliferation, migration and invasion of PCa
cells, and the EMT process could also be suppressed. Hence, miR-
877-5p can be considered as a potential tumor suppressor in the
progression of PCa, which may inhibit tumor metastasis by sup-
pressing the EMT process of PCa. 

MicroRNAs are involved in the regulation of eukaryotic gene
expression by post-transcriptional regulation through binding to
3’-UTR of mRNA of their target genes.35 By bioinformatics analy-
sis, we demonstrated that SSFA2 had the potential target sites of
miR-877-5p. SSFA2, also known as ITPR interacting domain con-
taining 2 (ITPRID2), is originally identified in human colon cancer
cells.36 Several lines of evidence suggest that SSFA2 serves as a
well-known oncogene. For example, Okayama et al. reported that
high phosphorylation levels of SSFA2 predicted poor survival in
lung adenocarcinoma.37 A recent study indicated that the inhibition
of SSFA2 reduced the cell proliferation, regulated G1/S transition
and induced apoptosis in glioma.38 Thus, exploration of the poten-
tial of SSFA2 as a biomarker or therapeutic target gene would pro-
vide a novel insight into PCa treatment. The current study found
that the expression of miR-877-5p and SSFA2 was negatively cor-
related in PCa cells. Rescue experiments verified that the overex-
pression of SSFA2 was sufficient for reversing the anti-tumor
effects of miR-877-5p on PCa progression. Similar findings were
found in the study of Zhu et al., who found that miR-363-3p was
down-regulated in oral squamous cell carcinoma (OSCC), and
miR-363-3p inhibited the proliferation and invasion of OSCC cells

[page 211][European Journal of Histochemistry 2021; 65:3243]
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by inhibiting the expression of its target SSFA2.39 The discovery of
miR-877-5p/SSFA2 axis in this research may provide a new diag-
nostic and therapeutic strategy for PCa. However, several limita-
tions were also existed in our study. Firstly, the in vivo experiments
are lacked. Secondly, the underlying mechanisms for SSFA2 in
PCa development are not intensively studied. Lastly, whether other
miR-877-5p’s targets are involved in the miR-877-5p-controlled
PCa is still elusive. 

In summary, our study for the first time implied that miR-877-
5p suppressed SSFA2 expression, thereby inhibiting the prolifera-
tion and metastasis, while inducing the apoptosis of PCa cells, sug-
gesting that miR-877-5p and SSFA2 may be novel therapeutic bio-
markers for PCa. 
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