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Summary. Background. Prostate cancer (PC) is the
second leading cause of cancer-related death among men
worldwide. Downregulation of miR-485-3p has been
revealed to participate in the tumorigenesis and
progression of many types of cancer. However, the
clinical and biological role of miR-485-3p in PC remains
largely unknown.

Methods. The expression of miR-485-3p was
analyzed in the published databases and detected in our
clinical samples and cell lines by RT-qPCR assay.
CCKS8, transwell invasion and migration, and colony
formation assays were performed to investigate the
biological function of miR-485-3p. Bioinformatical
analysis, RIP, western blotting and luciferase reporter
assays were carried out to explore the downstream
mechanism of miR-485-3p.

Results. The level of miR-485-3p was down-
regulated in PC tissues, particularly in primary PC
tissues with metastasis relative to normal prostate
tissues. miR-485-3p downregulation was positively
correlated with poor disease-free and overall survival in
patients with PC. Functionally, miR-485-3p over-
expression dramatically suppressed the proliferation,
migration and invasion ability of PC cells in vitro.
Mechanistically, miR-485-3p overexpression suppressed
the activity of TGF-P signaling by targeting TGFBR2 to
play tumor-suppressive roles in PC progression.

Conclusion. Our study reports the miR-485-

3p/TGFBR2/ TGF-B signaling axis in tumor
development of PC, suggesting miR-485-3p may be a
potential target to develop therapeutic strategies against
PC.
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Introduction

Prostate cancer (PC) is one of the most commonly
diagnosed cancers and ranks second in terms of cancer-
related death among men worldwide (Dai et al., 2019;
Lang et al., 2020). With the development of imaging
technology and diagnostic technology, PC patients can
be diagnosed and treated at an early stage. Treatments
for inhibition of the androgen receptor pathway is the
main therapeutic method for patients with PC and most
patients are sensitive to androgen-deprivation therapy
(Coleman et al., 2020; Lang et al., 2021). However, most
patients will be resistant to androgen-deprivation therapy
and progress to the stage of castration-resistant PC,
which is considered to be one lethal subtype of PC and
the treatment options are limited. Therefore,
understanding the precise mechanism of PC initiation
and progression will contribute to the development of
therapeutic strategies against PC.

miRNAs are a class of RNA transcripts with 18-25
nt, which have no protein-coding ability and interact
with the 3’UTR of target mRNA to decrease their
expression (Chen et al., 2021; Li et al., 2021; Yin et al.,
2021). miRNAs have been documented in various

Abbreviations. PC, prostate cancer; RT-gPCR, Real-time quantitative
PCR; ANT, adjacent normal tissues; TCGA, The Cancer Genome Atlas;
GSEA, gene set enrichment analysis.
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biological and pathological processes, such as tumor
growth and metastasis in human cancers (Jiang et al.,
2021; Wang et al., 2021). Dysregulated expression of
miRNA has been reported to play important roles in PC
progression and be related to poor survival of patients
(Zhang et al., 2020a,b; Zhou et al., 2020; Jiang et al.,
2021). Downregulation of miR-92a significantly
promoted cell viability and invasiveness of PC-3 cells by
targeting transcriptional factor, SOX4 (Liao et al., 2020).
miR-16-5p took part in regulating cell cycle, cell growth
and apoptosis in PC cells via degrading mRNA of AKT3
(Wang et al., 2020). Downregulation of p27 protein
mediated by miR-196a enhanced PC cell proliferation
and predicted biochemical recurrence of patients (Zhan
et al., 2020). miR-485-3p has been revealed to play
tumor-promoting or -suppressing roles in multiple
cancers (Lou et al., 2016; Du et al., 2018; Taherdangkoo
et al., 2020). Nevertheless, the biological function of
miR-485-3p in PC is still unclear.

In this study, it was found that the expression of
miR-485-3p was reduced in metastatic and primary PC
tissues relative to normal prostate tissues. miR-485-3p
downregulation was related to poor disease-free and
overall survival of patients with PC. Functionally, miR-
485-3p overexpression markedly decreased the ability of
proliferation, invasion and migration in PC cells.
Mechanistically, miR-485-3p suppressed TGF-§
signaling via inhibition of TGFBR2.

Materials and methods
Cell culture and clinical samples

Human cell lines (RWPE-1, LNCaP, 22RV1,
DU145, C4-2B, PC-3 and VCaP) were used in this
study. Cell culture was performed according to the
description in the previous study (Dai et al., 2019). All
cell lines were incubated in the recommended medium.
Human samples, including the tissues of PC and normal
prostate, were collected from our hospital. Informed
consent was obtained from all patients. This study was
approved by the ethical committee of The First
Affiliated Hospital of Shandong First Medical
University (approval-No. 2021S-959).

Real-time quantitative PCR (RT-qPCR)

RNA extraction was performed using an EN-press
RNA Purification Kit. The detailed process of RT-qPCR
was described in a previous study (Xiong et al., 2018).
The primers used in this study were as follows:
TGFBR2, 5’-GTCTGTGGATGACCTGGCTAAC-3’
and 5’-GACATCGGTCTGCTTGAAGGAC-3’,
GAPDH, 5’-GTCTCCTCTGACTTCAACAGCG-3’ and
5’-ACCACCCTGTTGCTGTAGCCAA-3’.

Western blotting

Western blotting was carried out as previously
described (Xia et al., 2021). Antibodies against

TGFBR2, SMAD3 and p-SMAD3 were purchased from
Proteintech. Anti-GAPDH (Proteintech) antibodies were
used as the loading control.

Cell proliferation assay

CCK&8 and colony formation and assays were used to
determine cell proliferation ability and conducted
according to a previous study (Hong et al., 2021; Jia et
al., 2021).

Transwell assay

Transwell assay was carried out to detect the ability
of invasion and migration of PC cells. The detailed
information is as described previously (Zhao et al.,
2018).

Luciferase reporter assay

TGFBR2-wt plasmid or TGFBR2-mut plasmid and
miR-485-3p plasmid were transfected into PC cells
using Lipofectamine 3000. After 48h of transfection,
Dual-luciferase activity reporter assay kit (Promega) was
used to determine luciferase activity normalized to
Renilla luciferase activity.

Statistical analysis

All statistical analyses were performed using
GraphPad Prism 8. All data were reported as mean +
standard deviation (SD). The group difference was
analyzed by Student t-test and Mann-Whitney U test.
P<0.05 was considered statistically significant.

Results

The expression of miR-485-3p is decreased in PC
tissues and cell lines

miR-485-3p was dysregulated and played significant
roles in multiple human cancers. Nevertheless, the
clinical and biological function of miR-485-3p in PC
progression were still unclear. Therefore, the expression
pattern of miR-485-3p in PC tissues and adjacent normal
tissues (ANT) from the dataset of GSE21306 was
analyzed. We found that the expression level of miR-
485-3p was decreased from ANT and primary PC (p-PC)
to metastatic PC (m-PC) (Fig. 1A). RT-qPCR analysis in
our clinical samples indicated that miR-485-3p level was
prominently increased in paired ANT compared with PC
(Fig. 1B). Meanwhile, we found that decreased miR-
485-3p expression was prevalent in PC tissues with
metastasis relative to ANT and PC tissues without
metastasis (Fig. 1C). Further RT-qPCR analysis was
performed to detect miR-485-3p level in cell lines of PC.
The results indicated that miR-485-3p level was
significantly reduced in PC cell lines relative to normal
prostate cells (Fig. 1D). Survival analysis based on
TCGA datasets demonstrated that the decreased
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expression of miR-485-3p was positively correlated with
shorter overall and disease-free survival (Fig. 1E,F).
Collectively, miR-485-3p expression is reduced in PC
and predicts poor prognosis in PC patients.

Overexpression of miR-485-3p inhibits proliferation,
migration and invasion in PC

In order to investigate the function of miR-485-3p in
PC, GSEA using the data from TCGA was performed.
We found that reduced miR-485-3p expression was
correlated with proliferation- and metastasis-relevant
gene sets (Fig. 2A). Then, miR-485-3p was
overexpressed in PC cells with lentivirus infection (Fig.
2B). CCK8 and colony formation assays were conducted
to determine the proliferation capability of PC cells and
we found that miR-485-3p overexpression significantly
inhibited cell viability shown by CCKS8 and colony
formation ability indicated by colony formation assay,
which demonstrated that miR-485-3p inhibited the
proliferation ability of PC cells (Fig. 2C-E). The results
from Transwell assays indicated that overexpression of

invasion capability in PC cells (Fig. 2F). Taken together,
miR-485-3p inhibits PC cell proliferation, migration and
invasion.

miR-485-3p inhibits the activity of TGF-S signaling

Previous studies revealed that signaling pathways
may play crucial roles in the microRNA-mediated tumor
progression and GSEA results suggested that the TGF-$
pathway may mediate the role of miR-485-3p in PC
(Fig. 1A,B). Luciferase reporter assay indicated that
miR-485-3p overexpression prominently reduced the
luciferase activity of TGF-p signaling in PC cells (Fig.
3C). Western blotting assay indicated that miR-485-3p
overexpression dramatically reduced the activity of the
TGF-B pathway (Fig. 3D). Further analysis
demonstrated that the activation of TGF-p signaling
using SMAD3 mutants (Cai et al., 2017) reversed the
inhibitory effect induced by miR-485-3p overexpression
on PC cell proliferation and invasiveness (Fig. 3E,F).
The above results demonstrate that miR-485-3p inhibits
PC progression through the inactivation of TGF-

miR-485-3p markedly suppressed the migration and signaling.
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Fig. 1. miR-485-3p expression is decreased in PC tissues and cell lines. A. miR-485-3p expression in ANT (n=8), primary PC tissues (p-PC, n=99), and
metastatic PC tissues (m-PC, n=14) in GEO dataset (GSE21036). B. Real-time PCR analysis of the fold change of miR-485-3p expression in 20 paired
PC tissues and their matched ANT. C. Real-time PCR analysis of miR-485-3p expression in ANT (n=29), PC without metastasis (PC/nM, n=27), and
PC with metastasis (PC/M, n=25). D. Real-time PCR analysis of miR-485-3p expression levels in different PC cell lines. E, F. Kaplan-Meier analysis of
overall survival (E) and disease-free survival (F) curves of the PC patients stratified by miR-485-3p expression in TCGA dataset. *P<0.05.
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miR-485-3p targets TGFBRZ2 to inactivate TGF-B
signaling

To detect the target of miR-485-3p, we analyzed the
public databases, StarBase and mirDIP, and found that
TGFBR2 may be the target of miR-485-3p, which was
one key regulator of the TGF-f pathway (Fig. 4A). RT-
qPCR and western blotting assays were performed to
verify the above prediction and the results indicated that
miR-485-3p can downregulate TGFBR2 expression at
both mRNA and protein level in PC cells (Fig. 4B,C).

One direct binding site between TGFBR2 and miR-485-
3p was indicated by StarBase and the mutated miR-485-
3p was designed (Fig. 4D). Further RIP experiments
indicated that overexpression of miR-485-3p
dramatically increased the enrichment of TGFBR2 on
Ago2 and the mutated miR-485-3p did not affect the
enrichment of TGFBR2 on Ago2 (Fig. 4E). Meanwhile,
we found that miR-485-3p overexpression dramatically
reduced 3’-UTR’s luciferase activity of TGFBR2,
whereas the mutated miR-485-3p had no similar effect
(Fig. 4F). The above findings suggested the direct
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Fig. 2. Overexpression of miR-485-3p inhibits proliferation, migration and invasion in PC. A. Gene set enrichment analysis (GSEA) revealed that miR-
485-3p downregulation significantly and positively correlated with the proliferation- and metastasis-related gene signature. B. miR-485-3p expression in
the indicated groups. *P<0.05. C-E. CCK8 (C, D) and colony formation assays (E) were conducted to test cell proliferation in PC-3 and C4-2B cells.
F. Upregulating miR-485-3p inhibited invasion and migration abilities in PC cells. *P<0.05. Scare bars: 100 um.
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binding between miR-485-3p and TGFBR2. To further abolished the inhibitory function of miR-485-3p on the
investigate whether TGFBR2 mediated the inactivation activity of the TGF-p pathway and the mutated miR-
of TGF-B signaling induced by miR-485-3p, we 485-3p had no effect on the TGF-f pathway. These
overexpressed TGFBR2 in PC cells (Fig. 4G). The results suggest that miR-485-3p leads to the inactivation
results from Fig. 4H, overexpression of TGFBR2 of the TGF-f pathway by targeting TGFBR2.
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Fig. 3. miR-485-3p suppresses the activity of TGF-B signaling. A, B. Gene set enrichment analysis (GSEA) revealed that miR-485-3p downregulation
was significantly and positively correlated with the TGF-B signaling. C. Relative luciferase activities of different pathways in the indicated groups.
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Discussion

The main finding of this study is to report the tumor-
suppressive role of miR-485-3p in PC. Previous
mounting studies have indicated that miR-485-3p
expression was dysregulated in many human cancers. In
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Furthermore, in vitro experiments indicated that miR-
485-3p overexpression potently inhibited the abilities of
proliferation, migration and invasion in PC cells.
Mechanistically, the TGF-3 pathway was suppressed by
the overexpression of miR-485-3p and TGFBR2 was
directly targeted by miR-485-3p, which mediated the
regulation of TGF-B pathway induced by miR-485-3p.

microRNAs participate in the initiation and
development in many human cancers (Chen et al., 2021;
Lietal., 2021; Liang et al., 2021; Yin et al., 2021). miR-
485-3p served as a suppressor in colorectal cancer by
decreasing TPX expression and upregulating P21 level
(Taherdangkoo et al., 2020). miR-485-3p and -5p
expression were reduced in breast cancer and
significantly suppressed the invasion and migration
ability in breast cancer by sponging PGC-1o mRNA
(Lou et al., 2016). For cervical cancer, miR-485-3p,
which was sponged by IncRNA SNHG®6, inhibited cell
growth and radioresistance by downregulating the
expression of STYX (Liu et al., 2020). In patients with
glioblastoma, the level of miR-485-3p in serum could be
used as one biomarker to predict survival (Wang et al.,
2017). Therefore, the function of miR-485-3p in PC may
contribute to developing novel therapeutic strategies.

TGF-p signaling has been reported to be involved in
a variety of biological and pathological processes (Dai et
al., 2019; Lang et al., 2020), including cancers (Dai et
al., 2017). The TGF-B pathway may play dual roles in
tumor progression, by inhibiting tumor initiation in
early-stage and promoting tumor progression in the
developing stage (Lang et al., 2020). In PC, TGF-§
signaling not only enhanced cell invasion and migration,
but also mediated the crosstalk between cancer cells and
tumor microenvironment (Fournier et al., 2015; Chen et
al., 2017; Dai et al., 2017, 2019; Huang et al., 2018;
Meng et al., 2018; Wu et al., 2018). Huang et al.
reported that the TGF- pathway promoted PC cell
invasion and migration and was regulated by miR-133b
(Huang et al., 2018). Osteoclast-derived TGF-f activated
the TGF-B pathway in PC cells, which led to the
increased survival, proliferation and colonization of PC
cells in bone (Fournier et al., 2015; Zhang et al.,
2020a,b; Di Paolo et al., 2021). In this study, the
decreased miR-485-3p expression resulted in the
activation of the TGF-f3 pathway in PC. Further analysis
indicated that TGFBR2 was directly targeted and
downregulated by miR-485-3p. TGFBR2 was one
crucial regulator of the TGF-P pathway and mediated the
regulation between the TGF-3 pathway and miR-485-3p.
This study uncovers one novel regulator of the TGF-f
pathway.

Conclusion

This study reveals the crucial role of miR-485-
3p/TGFBR2/TGF-f signaling axis in tumor progression
in PC, indicating that miR-485-3p may be a potential
target to develop therapeutic strategies against PC.
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