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Abstract: Background: Prostate cancer (PCa) is one of the most prevalent malignant tumors, PCa-related death is 
mainly due to the high probability of metastasis. MicroRNAs (miRNAs) play an important role in cancer initiation, 
progression and metastasis by regulating their target genes. Methods: real-time PCR was used to detected the 
expression of microRNA-497. The molecular biological function was investigated by using cell proliferation assays, 
cell cycle assay, and migration and invasion assay. We used several Algorithms and confirmed that IKKβ is directly 
regulated by miR-497. Results: Here, we found miR-497 is downregulated in human prostate cancer (PCa) and in-
hibites the proliferation activity, migration and invasion of PC3-AR cells. Subsequently, IKKβ is confirmed as a target 
of miR-497. Furthermore, knockdown of IKKβ expression resulted in decreased proliferation activity, migration and 
invasion. Finally, similar results was found after treatment with a novel IKK-β inhibitor (IMD-0354) in PC3-AR cells. 
CDK8, MMP-9, and PSA were involved in all these process. Conclusion: Taken together, our results show evidence 
that miR-497 may function as a tumor suppressor genes by regulating IKK-β in PCa, and may provide a strategy for 
blocking PCa metastasis.
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Introduction

Prostate cancer (PCa) is one of the most preva-
lent malignant tumors and the second major 
cause of cancer-related mortality in American 
men [1]. PCa-related death is mainly due to its 
high metastatic probability to bone and/or 
other organs [2, 3]. In spite of significant prog-
ress, the prevention and treatment of metasta-
sis of PCa is still a key challenge as the con-
crete molecular mechanisms of metastasis 
and invasion of PCa are not studied thoroughly. 
Prostate-specific antigen (PSA) is the most 
widely used cancer biomarker for prevention, 
diagnosis, and monitoring of patients with PCa 
[4]. However, PSA in the serum was pointless in 
high-risk populations for monitoring clinical 
progression and improving mortality. Thus, 
more effective biomarkers to discriminate 
between high-risk and low-risk patients with 
PCa to optimize and individualize therapy strat-
egies at early clinical stage are urgently 
needed.

As a class of small non-coding RNAs, microR-
NAs (miRNAs) silence their targets by cleavage 
of mRNA, translational repression, destabiliza-
tion of mRNA, or a combination of these mecha-
nisms [5]. miRNAs play a key role in cell metas-
tasis, likely owing to their effect on post-tran-
scriptional regulation of gene networks impor-
tant for cell motility, migration, and invasion [6]. 
A number of studies have noted the potential 
role of miRNAs in PCa. Nevertheless, little is 
known about the manner in which miRNAs act 
on the progression and metastasis of PCa. 
Recently, several studies have demonstrated 
that the expression of some miRNAs in body flu-
ids may act as effective biomarkers for early 
diagnosis of cancer [7].

Nuclear factor-kappaB (NF-κB) is a transcrip-
tional factor with pleiotropic activity due to the 
key roles it plays in various biological processes 
[8, 9]. Aberrant activation of NF-κB has been 
discovered in the progression of several human 
cancers including PCa. Furthermore, NF-κB has 

http://www.ajcr.us


microRNA-497, IKKβ and NF-κB in prostate cancer

1796 Am J Cancer Res 2015;5(5):1795-1804

been found to be involved in the metastasis 
and invasion of PCa through matrix metallopro-
teinase-9 (MMP-9) [10]. In the classical path-
way, inhibitors of NF-κB (IκBs) kinase β (IKKβ) 
activate NF-κB through the phosphorylation of 
IκBs, which leads to the translocation of cyto-
plasmic NF-κB into the nucleus [8, 9, 11]. 
However, the molecular mechanisms through 
which miRNAs regulate the IKKβ pathway in 
PCa remain mostly unclear.

In this study, miR-497 was selected for the 
analysis because of its aberrant expression in 
PCa [12]. Similarly, it was found that the expres-
sion of miR-497 was deviant in 20 matched 
serum samples from patients with PCa and 
healthy control subjects. Then, it was showed 
that the aberrant expression of miR-497 
changed cellular proliferation, migration, and 

invasion in PCa cell line PC3-AR cells by directly 
targeting IKKβ. The knockdown of IKKβ also 
suppressed cell proliferation, migration and 
invasion. Similar results were obtained when 
the NF-κB signaling pathway was inhibited with 
a novel IKKβ inhibitor, IMD-0354. The expres-
sion of cyclin-dependent kinase 8 (CDK8), 
MMP-9, and PSA were detected aberrant in all 
these processes. Altogether, the ability of miR-
497 to regulate PC3-AR cells suggests that tar-
geting this miRNA may have significant thera-
peutic potential.

Materials and methods

Specimens

In total, 20 serum samples from patients with 
PCa and 20 matched samples from healthy 

Figure 1. The expression of miR-497 in 
PCa and the CCK-8 assay in PC3-AR cells. 
A. The relative expression of miR-497 in 
20 pairs of serum samples from patients 
with PCa and healthy control subjects 
were analyzed by qRT-PCR. B. CCK-8 as-
say of PC3-AR cells transfection with miR-
497, miR-NC, anti-miR-497, siR-IKKβ, and 
siR-NC. C. CCK-8 assay of PC3-AR cells 
treatment with IMD-0354 in different con-
centrations (μM).
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control subjects were obtained from Xinhua 
Hospital, Shanghai Jiaotong University after 
receiving informed consent and ethical approv-
al. The blood samples were centrifuged at room 
temperature using the Capricorn CEP2000 for 
20 min at 2200 rcf. Sera samples were stored 
at -80°C.

Cell culture and reagents

PC3-AR cells were maintained in high-glucose 
Dulbecco’s modified Eagle’s medium (DMEM) 
(Gibco, GrandIsland, NY), containing 10% fetal 
bovine serum (FBS) (Gibco) and incubated in a 
humidified chamber with 5% CO2 at 37°C.

The miR-497 mimics (miR-497), the miR-497 
inhibitor (anti-miR-497) sequences were syn-
thesized by Integrated Biotech Solutions 
Company (Shanghai, China), siR-IKKβ was syn-
thesized by Genechem Company (Shanghai, 
China), and miR-NC and siR-NC were used as 
negative controls. Transfection was performed 
with Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA) following the manufacturer’s instructions. 
IMD-0354, a novel inhibitor of IKK-β, was 
molecularly designed, synthesized, and ob- 
tained from Tocris Bioscience, (R&D Systems, 
Bristol, UK). Before use, IMD-0354 was dis-
solved (10 mg/mL) in dimethylsulfoxide (DMSO; 
Sigma-Aldrich, Milan, Italy), aliquoted, and 
stored at -20°C. The culture medium added 
with the same amount of drug-free DMSO was 
used as negative control in all experiments.

Cell proliferation assays

PC3-AR cells were seeded onto a 96-well plate 
at 5000 cells per well and incubated for 72 h. 
Cell viability was determined at 24, 48 and 72 
h after transfection or treatment with IMD-
0354 using the Cell Counting Kit-8 (CCK-8) 
(Dojindo Laboratories, Kumamoto, Japan). The 
absorbance of each well was measured with a 
microplate reader set at 450 nM.

Cell cycle assay

For cell cycle analysis, 24 and 48 h after trans-
fection or treatment with IMD-0354, PC3-AR 
cells were collected and fixed with 70% ethanol 
at -20°C for 18 h, propidium iodide (BD 
Biosciences, Franklin, US) was then added to 
the cells. Samples were analyzed by flow cytom-
etry on FACScalibur (Becton Dickinson). 

Migration and invasion assay

Transwell chambers coated with or without 40 
μL of 1 mg/mL Matrigel (BD Biosciences) were 
used to examine in vitro migration and invasion 
capability of the PC3-AR cells. After transfec-
tion or treatment with IMD-0354, 5×104 cells 
were seeded onto the upper chamber contain-
ing 200 μL DMEM with 1% FBS, and the lower 
chamber was filled with 500 μL of DMEM with 
20% FBS as a chemoattractant. Transwell 
chambers were then incubated at 37°C for 48 
h. Cells adhering to the lower membrane of the 
inserts were counted as previously described 
[13]. Images of different fields were taken.

RNA extraction and qRT-PCR

Total RNA was extracted from sera with Trizol 
reagent according to the manufacturer’s 
instructions (Invitrogen). The level of miR-497 
was quantified by quantitative reverse tran-
scription (RT)-polymerase chain reaction (PCR) 
using TaqMan MicroRNA Assay kits (Applied 
Biosystems, Foster City, CA) with miR-1228 as 
an internal normalized reference as previously 
described [14]. Their relative levels were mea-
sured in triplicate on a Prism 7300 real-time 
PCR machine (Applied Biosystems). After trans-
fection with miR-497, anti-miR-497, and NC, 
the expression levels of miR-497 mRNAs in 
PC3-AR cells were also quantified using 
qRT-PCR.

Western blot

At 48 h after transfection or treatment with 
IMD-0354, cells were lysed at 4°C for 30 min 
using radio immunoprecipitation assay buffer. 
Total protein was quantified using bicinchoninic 
acid assay and separated by electrophoresis in 
sodium dodecyl sulfate-polyacrylamide gels 
before transferring to nitrocellulose mem-
branes (Bio-Rad, Hercules, US). They were then 
blocked in 5% skimmed milk in Tris buffered 
saline with Tween 20. Immune complexes were 
formed by incubation of membranes with anti-
IKKβ (1:1000) (Cell Signaling, Boston, US), anti-
CDK8 (1:1000) (Cell Signaling), anti-MMP-9 
(1:1000) (Cell Signaling), anti-PSA (1:1000) 
(Cell Signaling), and anti-β-actin (1:1000) (Cell 
Signaling) antibodies overnight at 4°C. Blots 
were washed and incubated for 1 h with anti-
rabbit secondary antibody. Immunoreactive 
protein bands were detected with an Odyssey 
Scanning system.
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Figure 2. Cell cycle analysis showed that there was significant cell-cycle transition in PC3-AR cells after 24 and 48 h of treatment with miR-497, control, anti-
miR-497, siR-IKKβ, and IMD-0354.
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Luciferase reporter assay

The putative targets of miR-497 were predicted 
using the TargetScan, PicTar, and miRanda 
algorithms. Only common targets were consid-
ered for experimental analyses. The IKKβ 
3’-untranslated mRNA region (3’-UTR) contain-
ing the predicted miR-497-binding sites were 
cloned into the pMIR-REPORT vector (Ambion, 
Austin, TX) using PCR-generated fragments 
(WT-UTR). A mutant luciferase vector with miR-
497 one pairing site deleted (DEL-UTR) was 
also constructed. When PC3-AR cells reached 
60-70% confluence in 24-well plate, 100 ng of 
Luciferase plasmid was cotransfected with 50 
ng of Renilla plasmid (Ambion) and 650 ng of 
miR-497 mimics or NC using Lipofectamine 
2000. After 48 h, luciferase activities were 
measured using a dual-luciferase reporter 
assay system (Promega, Madison, US) accord-
ing to the manufacturer’s instructions.

Statistical analysis

All experiments were done in triplicate. 
Continuous variables were expressed as 
mean±standard deviation, *P<0.05, **P<0.01. 
The two-tailed t-test was used to draw a com-
parison between groups. All statistical analy-
ses were performed using SPSS 19.0 (SPSS 
Inc., Chicago, IL).

Results

miRNA-497-5p is downregulated in PCa 

In former studies, the expression of miR-497 
was found to be downregulated in PCa samples 
compared with the benign prostrate hyperpla-
sia samples [12]. In this study, 20 pairs of 
serum samples were collected from patients 
with PCa and healthy control subjects for fur-
ther confirming the pattern of expression of 
miR-497 in PCa. qRT-PCR analysis showed that 
the expression level of miR-497 was downregu-
lated in PCa serum samples, compared with 
samples from healthy control subjects (P<0.05, 
Figure 1A), suggesting that aberrant expres-
sion of miR-497 might be involved in the initia-
tion and development of PCa.

Overexpression of miRNA-497 in PC3-AR cells 
inhibits cell proliferation by inducing G0/G1 
arrest

The downregulation of miR-497 in PCa tissue 
and blood prompted us to determine whether 

miR-497 functioned as a tumor suppressor. 
Therefore, whether overexpression of miR-497 
could affect the ability of cell growth in PC3-AR 
cells was examined. The CCK-8 assay showed 
that miR-497 mimics significantly inhibited the 
proliferation of PC3-AR cells by 28.43±1.73% 
and 38.65±2.41% (P<0.05) at 48 and 72 h, 
respectively. Conversely, anti-miR-497 trans-
fection in PC3-AR cells could promote cell pro-
liferation (Figure 1B). As cell-cycle distribution 
is a parameter reflecting the growth of cells, the 
function of miR-497 on cell-cycle profile of PC3-
AR cells at different time points was assessed. 
Cell cycle analysis found that overexpression of 
miR-497 resulted in S and G0/G1 phase cell 
cycle arrest in PC3-AR cells after 24 and 48 h 
of exposure, respectively (Figure 2). On the con-
trary, anti-miR-497 transfection suppressed 
the effect.

Since the regulatory role of miR-497 in the cell-
cycle transition of PC3-AR cells was found, the 
possibility that cell cycle regulator might be 
modulated by miR-497 was further investigat-
ed. Western blot analysis revealed that overex-
pression of miR-497 significantly downregulat-
ed the protein levels of CDK8 (Figure 4A). Taken 
together, these results indicated that miR-497 
could transcriptionally regulate the expression 
of CDK8, and therefore, suppress the prolifera-
tion of PC3-AR cells.

Effects of miR-497 on cell migration and inva-
sion of PC3-AR cells

Transwell assay with or without Matrigel was 
used to detect the effects of miR-497 on the 
migratory and invasive potential of PC3-AR 
cells. As shown in Figure 2B, Transwell assays 
without Matrigel illustrated that the forced 
expression of miR-497 resulted in a 51.3±5.1% 
decrease in the migratory ability of PC3-AR 
cells when compared to the control cells 
(P<0.05, Figure 3A). Transwell assays with 
Matrigel showed that overexpression of miR-
497 decreased the invasive ability of PC3-AR 
cells by 53.7±4.5%, compared with the control 
cells (P<0.05, Figure 3B). There was no statisti-
cally significant difference between anti-
miR-497 transfection and control PC3-AR cells 
in both migration and invasion assays. All these 
results support the fact that overexpression of 
miR-497 inhibits the migration and invasion of 
PC3-AR cells.
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miR-497 directly targets IKKβ

To explore the mechanism of involvement of 
miR-497 in PCa, three bioinformatic algorithms 
(TargetScan, PicTar, and miRanda) were used to 
identify putative targets. Among many candi-
dates, IKKβ was selected for further analysis, 
because IKKβ is known as the key kinase in the 
canonical NF-κB signaling pathways that con-
trol the expression of genes involved in cell pro-
liferation, angiogenesis, cell survival, metasta-
sis, invasion, and the epithelial-mesenchymal 
transition processes in the progression of can-
cer [15, 16]. The binding sites of miR-497 were 
predicted at positions 603-610 in the 3’-UTR of 
IKKβ mRNA (Figure 4C). To validate IKKβ as a 
bona fide target of miR-497, luciferase reporter 
assays were performed to check binding of 
miR-497 to the 3’-UTR of IKKβ mRNA. Data 
showed that the luciferase activity was signifi-
cantly inhibited by transfection with miR-497 
and a vector carrying the wild-type 3’-UTR of 

IKKβ (P<0.05, Figure 4B), whereas transfection 
with deletion vectors blocked the decrease in 
luciferase activity. These data suggested that 
miR-497 bound directly to specific site in the 
3’-UTR of IKKβ mRNA. Next, it was determined 
whether endogenous expression of IKKβ could 
be downregulated by miR-497. To address this 
issue, Western blot analysis was used to evalu-
ate the expression of IKKβ at the protein level 
after transfection with miR-497 mimics and NC 
inPC3-AR cells. The results showed that the 
overexpression of miR-497 significantly decre- 
ased the expression levels of IKKβ protein 
(Figure 4A). Collectively, these luciferase and 
Western blot results showed that miR-497 
acted as negative regulators of expression of 
IKKβ.

In addition, the protein levels of MMP-9 and 
PSA showed a decrease after the overexpres-
sion of miR-497 (Figure 4A). These results indi-
cated that miR-497 may regulate the cell migra-

Figure 3. miR-497 suppresses the migration and invasion of PC3-AR cells. A. The migratory activity of PC3-AR cells 
was detected using a transwell migration assay treated with miR-497, anti-miR-497, control, siR-IKKβ, and IMD-
0354. Representative images are shown on the right, the values shown are expressed as mean±SD. B. The invasive 
activity of PC3-AR cells was detected using a transwell invasion assay.
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tion and invasion of PC3-AR cells by targeting 
NF-κB/IKKβ/MMP-9 signaling. Furthermore, 
miR-497 is likely to be a new diagnostic marker 
to replace or complement PSA in PCa.

Knockdown of IKKβ suppresses cell prolifera-
tion, migration, and invasion in vitro

To further verify whether the role of miR-497 in 
PCa was mediated by suppressing the expres-
sion of IKKβ, expression of IKKβ was knocked 
down via siRNA in PC3-AR cells. Western blot 
analysis revealed that the expression of IKKβ in 
PC3-AR cells was significantly decreased after 
transfection with siR-IKKβ, compared to that 
with NC (Figure 4A). Knockdown of IKKβ signifi-
cantly suppressed the cell proliferation at 48 
and 72 h in CCK-8 assays (P<0.05, Figure 1B), 
and significantly decreased the proportion of 
cells in G2/M phase and increased the propor-
tion of cells in G1/G0 phase (Figure 2), similar 
to that observed in the overexpression of miR-
497. In the transwell assays, as shown in Figure 
3A and 3B, knockdown of IKKβ markedly inhib-
ited the migration and invasion of PC3-AR cells, 
compared to NC (P<0.05). Furthermore, the 
protein levels of CDK8, MMP-9, and PSA 
showed varying degrees of reduction after 
transfected with siR-IKKβ in PC3-AR cells 
(Figure 4A). Therefore, the data indicated fur-
ther that the tumor suppressive roles of miR-
497 in PCa were partially mediated by targeting 
IKKβ/CDK8/MMP-9.

IMD-0354 suppresses cell proliferation, migra-
tion, and invasion in vitro

Given the considerable contribution of NF-κB to 
the development of PCa, inhibition of NF-κB 
may have a therapeutic potential for the control 
of progression of tumor. However, IMD-0354, a 
novel IKK-β inhibitor, its study in PCa was still 
vacant. Here, PC3-AR cells were incubated in 
the presence or absence of indicated doses of 
each IMD-0354. IMD-0354 suppressed the 
proliferation of PC3-AR cells in a dose-depen-
dent manner after 48 h (Figure 1C). As shown 
in Figure 2, cell cycle was arrested at the G0/
G1 phase after treatment with 2 μmol/L IMD-
0354 in PC3-AR cells. In the transwell assays, 
as shown in Figure 3A and 3B, IMD-0354 
significantly inhibited the cell migration and 
invasion of PC3-AR cells at 2 μmol/L concen-
tration, compared to NC (P<0.05). Similar to our 
previous studies, the protein levels of CDK8, 
MMP-9, and PSA also showed a decrease at dif-
ferent levels after treatment with 2 μmol/L 
IMD-0354 in PC3-AR cells (Figure 4A). There- 
fore, all these results further validated our pre-
vious hypothesis.

Discussion

Circulating miRNAs profusely exist in various 
body fluids. Their high stability and approach-
ability in the circulation make them promising 
biomarkers for clinical monitoring of presymp-

Figure 4. IKKβ is a target gene of miR-497 in PC3-AR cells. A. Western blot analysis was used to detect the ex-
pression of IKKβ, CDK8, PSA, and MMP9 in PC3-AR cells after treatment with siR-IKKβ, miR-497, IMD-0354, and 
control. β-actin served as an internal control. B. Relative luciferase activity of the IKKβ WT-UTR and the DEL-UTR 
luciferase constructs in PC3-AR cells transfected with miR-497 or control. C. IKKβ was predicted to be a candidate 
target of miR-497 using the bioinformatics algorithm TargetScan.
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tomatic diseases in at-risk patients, especially 
the early stage of cancer. Previous studies have 
shown that miR-497 was downregulated in PCa 
[12]; here it was found that the expression level 
of miR-497 was downregulated in PCa serum 
samples, compared with healthy controls. 
Hence, miR-497 was likely to be potential diag-
nostic and prognostic biomarkers for PCa.

To our knowledge, the miRNA family plays a key 
role in the regulation of gene expression net-
works, further involved in multiple signaling 
pathways [17]. miRNAs can exert positive or 
negative control over the expression of onco-
genes or tumor-suppressor genes to effect 
tumor growth [18]. Until recently, only a limited 
number of studies have been performed to 
assess the effects of miRNA in PCa, and only a 
few of these studies successfully determined 
any miRNA targets that were specifically modu-
lated in PCa. The present study showed that 
overexpression of miR-497 inhibited the cell 
proliferation by inducing G0/G1 cell cycle arrest 
in PC3-AR cells. Obviously, uncontrolled cell 
proliferation due to aberrant regulation of cell 
cycle can result in the development of cancer. 
For the first time, it was found that the protein 
level of CDK8, a gene encoding the CDK com-
ponent of the mediator complex (known as a 
colon cancer oncogene), was downregulated 
with the transfection of miR-497. Furthermore, 
the migratory and invasive ability was signifi-
cantly decreased after transfection with 
miR-497.

Metastasis is a complex process that involves 
many genes and signaling pathways. It is 
believed that advances about the relationship 
between miRNAs and target genes are neces-
sary for a comprehensive understanding of the 
regulatory mechanism of miRNAs in cancer 
metastasis and invasion. A single miRNA can 
modulate a signaling network by targeting 
genes with multiple functions [19]. It has been 
identified that the concrete role of miRNA strict-
ly relies on its spatiotemporal expression pat-
tern and its targeted genes [20]. Prediction by 
bioinformatic analysis and the results of the 
present study determined that IKKβ was a bona 
fide target of miR-497. Furthermore, it was 
found that miR-497 was involved in modulating 
the NF-κB/MMP-9/PSA signaling pathway in 
PCa, because the expression of MMP-9 and 
PSA detected varying degrees of reduction 
after transfection with miR-497 in PC3-AR 

cells. To our knowledge, multiple genes regu-
lated by NF-κB, including interleukin-6 (IL-6), 
IL-8, and MMP-9, were involved in tumorigene-
sis and had been recognized in the progression 
of PCa [21]. Among them, levels of IL-8 and 
MMP-9 had been reported to be associated 
with the increased metastatic potential [22, 
23].

Until now, there has been no report about 
whether IKKβ regulated by miRNA affects pro-
liferation, migration, and invasion in PCa yet. It 
is for the first the new relationship of miRNA 
and IKKβ in PCa was uncovered. In our studies, 
the expression of IKKβ in PC3-AR cells was 
knocked down via siRNA. Similar to transfec-
tion with miR-497, the proliferation was sup-
pressed by inducing G0/G1 cell cycle arrest, 
and there was also a decrease in the protein 
level of CDK8. Therefore, it could be concluded 
that miR-497 may repress the expression of 
IKKβ to downregulate the transcriptional activ-
ity of CDK8, leading to conversion of PC3-AR 
cell cycle. In addition, knockdown of IKKβ 
significantly inhibited the cell migration and 
invasion of PC3-AR cells. The expression of 
MMP-9 and PSA was also decreased in the 
process.

In lots of cancers, including prostate cancer, 
the activation of the IKK complex leads to the 
constitutive release of NF-κB, affecting expres-
sion of genes with important functions in tro-
pism, cell cycle progression, and cell migration 
[24, 25]. It was found that the expression of 
PSA significantly increased with overexpression 
of NF-κB in PCa LNCaP and DU145 cells, which 
was closely related to the progression of PCa 
[26]. Considering the considerable contribution 
of NF-κB to the development of PCa, inhibition 
of NF-κB may have a therapeutic prospect for 
the control of progression of PCa. As a novel 
IKK-β inhibitor, IMD-0354 had not been 
researched in PCa until now. Hence, PC3-AR 
cell, an invasive PCa cell line, was selected for 
this study here. As expected, IMD-0354 sup-
pressed the proliferation of PC3-AR cells in a 
dose-dependent manner, along with G0/G1 cell 
cycle arrest and significantly inhibited the cell 
migration and invasion. Moreover, the expres-
sion of CDK8, MMP-9, and PSA decreased in 
different degrees after treatment with IMD-
0354. The earlier studies showed that inhibi-
tion of NF-κB activity with IMD-0354 decreased 
the expression of CDK4/6, cyclinD1, and D3, 
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leading to cell cycle arrest and apoptosis [27, 
28]. For the first time, CDK8 was found involved 
in the process of cell cycle transition through 
miR-372/p65/NF-κB pathway in PCa; the spe-
cific mechanisms needed further study.

Certainly, a clear phased advancement was wit-
nessed during the recent two decades after the 
wide application of PSA testing. Nevertheless, 
the significance of PSA in the monitoring and 
prognosis of PCa is still being questioned, as 
population-based PSA screening can lead to 
over diagnosis and overtreatment of PCa as 
well as ineffectiveness to identify men with 
aggressive forms of PCa [29-31]. miRNAs may 
be potential biomarkers as their relatively small 
size protects them from RNase attack and 
these are secreted within protective exosomes; 
furthermore, the expression patterns of miRNA 
are more reliable and sensitive to alteration in 
cell biology [32]. In the present study, the excit-
ing discovery that miR-497 independently 
repressed MMP-9 and PSA protein level by tar-
geting IKKβ/NF-κB in PC3-AR cells was made. 
The consistent decrease in miR-497 in the 
human prostate tumor tissues and blood sam-
ples increases the feasibility of using them as a 
signature for the progression of PCa. 
Furthermore, considering the inhibitory effect 
of cell proliferation, migration, and invasion 
with miR-497, siR-IKKβ, and IMD-0354, it can 
be concluded that miR-497 participates in the 
development and progression of human PCa by 
targeting the IKKβ-mediated NF-κB/MMP-9/
PSA signaling pathway. Taken together, all 
these results suggest that targeting the miR-
497/IKKβ interaction or perturbing the expres-
sion of miR-497 may prove to be a new insight 
into prevention, diagnosis, and treatment of 
patients with PCa.
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