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MicroRNA-212 participates in the development
of prostate cancer by upregulating BMI1

via NF-xB pathway
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Abstract. — OBJECTIVE: To investigate the
role of microRNA-212 in prostate cancer (PCa)
and its underlying mechanism.

PATIENTS AND METHODS: MicroRNA-212 ex-
pressions in 72 PCa tissues and paracancerous
tissues were detected by qRT-PCR (quantitative
real-time polymerase chain reaction). The rela-
tionship between microRNA-212 expression and
clinical characteristics of PCa patients was ana-
lyzed. Target genes of microRNA-212 were pre-
dicted by TargetScan and verified by luciferase
reporter gene assay. Proliferation, cell cycle,
and apoptosis of PCa cells were detected after
transfection with corresponding plasmids of mi-
croRNA-212 in PCa cells, respectively. The ef-
fect of microRNA-212 on BMI1 and NF-kB path-
way was detected by Western blot.

RESULTS: MicroRNA-212 was downregulat-
ed in PCa patients. The survival rate of PCa pa-
tients with lower expression of microRNA-212
was remarkably lower than those with a high-
er level. After overexpression of microRNA-212,
we observed inhibited proliferation and arrest-
ed cell cycle of PCa cells. Increased apoptosis
was found after PCa cells were transfected with
microRNA-212 mimic. Luciferase reporter gene
assay showed that microRNA-212 was bound to
BMI1, which further promoted PCa development
via NF-kB pathway.

CONCLUSIONS: MicroRNA-212 was downreg-
ulated in PCa tissues, which could promote the
PCa development by targeting BMI1 via NF-kB
pathway.
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Introduction
Prostate cancer (PCa) is a malignant tumor,

which accounts for the second highest incidence of
malignancy in males. In 2008, PCa accounted for
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14% of all male cancers and 6% of all cancer dea-
ths'. PCa ranked the second tumor death in males
from Europe and the United States. 1/7 of Austra-
lian men are diagnosed with PCa each year, with an
average age of 75 years?. The incidence of PCa has
been annually increased®*, which severely threa-
tens male health. In China, PCa is also the leading
cause of death in middle-aged men°. PCa is a hete-
rogeneous tumor that can exhibit progression-free
inertia and aggressively transfer to other organs®’.
Local infiltration and distant metastasis are fre-
quently observed in PCa patients since this disease
is very occult without evident clinical symptoms.
The mortality rate of advanced PCa is very high®’.
Hence, it is urgent to develop new methods so as to
better diagnose and treat PCa.

MicroRNA is a non-coding, short-chain RNA
with 18-25 nt in length. MicroRNA can’t encode
proteins. However, it has been shown that mi-
croRNA is involved in the regulation of multiple
functions of gene transcription'®. MicroRNAs
were initially found in nematodes and are highly
conserved among humans, plants, and viruses'.
Over the past decades, researches have focused
on the role of protein-coding genes in tumorigen-
esis. The possible effects of microRNAs on tum-
origenesis, however, have not been recognized. In
recent years, differentially expressed microRNAs
in various tumors have become the biomarkers in
diagnosing and treating tumors'*'.

It is reported that microRNAs participate in
the carcinogenic process of PCa. Szczyrba et al'®
found that microRNA-375 expression is positively
correlated with tumor size of PCa. Moreover, mi-
croRNA-375 could promote proliferation of PCa
cells without affecting cell apoptosis. Giangreco
et al'® found that microRNA-100 and microR-
NA-125b are downregulated in PCa tissues than
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those of benign prostate tissues. Pre-microR-
NA-100 and pre-microRNA-125b could reduce
the proliferation of primary PCa cells. Knock-
down of microRNA-125b in normal cells enhanc-
es cell migration. Kontos et al'7 discovered that
microRNAs can be served as biomarkers for diag-
nosing PCa. In addition, Stuopelyte et al'® pointed
out that expression levels of microRNA-148a and
microRNA-375 in the urinary circulation can be
used as non-invasive indicators for diagnosing
PCa. However, the specific effect of microRNAs
on treating PCa still remains unclear, which re-
quires for further in-depth studies.

Patients and Methods

Sample Collection

A total of 72 cases of PCa tissues and 72 cases
of normal benign prostatic hyperplasia or paracan-
cerous tissues were surgically resected from rad-
ical prostatectomy and transurethral treatment
of benign prostatic hyperplasia, respectively.
Samples were immediately rinsed with DEPC
(diethyl pyrocarbonate) water and preserved into
liquid nitrogen for the following experiments.
Subsequently, general characteristics of enrolled
patients were collected. This experiment was ap-
proved by the Hospital Ethics Committee and all
patients signed the informed consent. The general
characteristics of patients were listed in Table 1.

Cell Culture and Transfection

RWPE-2, 22RV1, DU145, PC-3M and VCaP
cells were cultured in RPMI-1640 (Roswell Park
Memorial Institute-1640, Gibco, Grand Island,

Table I. The general characteristics of enrolled patients.

NY, USA) containing 10% FBS (fetal bovine se-
rum), 100 U/mL penicillin and 100 pg/mL strep-
tomycin (Hyclone, South Logan, UT, USA). Cells
were incubated in a 5% CO, incubator at 37°C.
Cell transfection was performed when the cell
confluence was up to 50%-60% according to the
instructions of Lipofectamine2000 (Invitrogen,
Carlsbad, CA, USA). Transfection efficacy was
then verified by quantitative reverse transcrip-
tase-polymerase chain reaction (QRT-PCR). Trans-
fection plasmids used in this experiments were ob-
tained from Gene Pharma, (Shanghai, China).

Cell Counting Kit-8 (CCK-8) Assay

Transfected cells were seeded into 96-well
plates at a density of 1x10° per well. 10 pL of the
CCK-8 solution (cell counting kit-8, Dojindo, Ku-
mamoto, Japan) was added in each well after cell
culture for 6, 24, 48, 72 and 96 h, respectively.
The absorbance at 450 nm of each sample was
measured by a microplate reader (Bio-Rad, Her-
cules, CA, USA).

Transwell Assay

The upper transwell chamber was previously
coated with 100 pL of Matrigel (BD Bioscienc-
es, San Jose, CA, USA) and maintained in an in-
cubator for 2 h. After cell density was adjusted
to 2x10°mL, 100 pL of cell supernatant and 600
pL of culture medium containing 10% FBS were
then added in the upper and lower chamber, re-
spectively. Transwell chamber was removed after
incubation for 24 h, and the non-migrated cells in
the chamber were gently wiped off with a cotton
swab. The chamber was fixed with methanol for
15 min, washed with PBS twice and stained in

miR-212 expression
Clinicopathologic Number
features of cases Low (n=36) High (n=36) p-value
Age (years) 36 36 0.7717
<46 15 8 7
>46 57 28 29
Tumor size 0.0022*
T1-T2 37 12 25
T3-T4 35 24 11
N stages 0.0141*
NO 26 8 18
NO-N3 46 28 18
Metastasis 0.0978
YES 39 23 16
NO 33 13 20

Note: *p<0.05, compared between low and high expression of miR-212.
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1% crystal violet for 30 min. Finally, 5 randomly
selected fields were captured for cell count.

Cell Cycle Detection

The cell suspension was prepared, washed with
Hanks buffer and centrifuged at 800 rpm for 5
min. After re-suspended with culture medium,
cells were incubated with 70% pre-cooled ethanol
overnight at 4°C. Finally, cells were stained with
propidium iodide (PI) for 30 min, followed by cell
cycle detection using flow cytometry.

Cell Apoptosis Detection

The cell suspension was collected into marked
flow tubes, and digested with EDTA-free (eth-
ylenediaminetetraacetic acid) trypsin. After cen-
trifugation, the cells were washed with PBS (phos-
phate-buffered saline) twice. We then added 380
ul of binding buffer containing calcium ions (In-
vitrogen, Carlsbad, CA, USA), 10 ul of Annexin
V-FITC fluorescent probe and 5 pL of PI to the cell
precipitation, followed by incubation without light
for 20 min. Subsequently, cell cycle was analyzed
by flow cytometry (Partec AG, Arlesheim, Swit-
zerland).

Luciferase Reporter Gene Assay

The binding sites of microRNA-212 and BMI1
were predicted by TargetScan. The corresponding
wild-type and mutant-type sequences of BMII
were constructed by Ruizhen (Nanjing, China).
The microRNA-212 mimic and microRNA-212
NC were constructed by Gene Pharma (Shanghai,
China). Luciferase activity was detected and the
average value was calculated.

QRT-PCR

We used TRIzol to extract total RNA for reverse
transcription according to the instructions of Pri-
meScript RT reagent Kit (TaKaRa, Otsu, Shiga,
Japan). The expression level of the target gene was
calculated using the 24T method. Primers used in
this experiments were listed as the follows: BMII,
F: 5-CCACCTGATGTGTGTGCTTTG-3’, R:
5>-TTCAGTAGTGGTCTGGTCTTGT-3’; IL-6, F:
5’>-CCTCTGGTCTTCTGGAGTACC-3’; TGF-plI,
F: 5-GGTTCATGTCATGGATGGTGC3’, R:
5>-TGACGTCACTGGAGTTGTACGG-3".

Colony Formation Assay

Transfected cells were washed with PBS, di-
gested with trypsin and centrifuged at 100 rpm/
min for 3 min. Cells were then seeded in the
6-well plates at a density of 500 cells per well,
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with 3 replicates in each group. Cells were fixed
with methanol and stained with 0.1% crystal vi-
olet (Sigma-Aldrich, St. Louis, MO, USA), fol-
lowed by the detection of colony formation.

Western Blot

Total protein was extracted from treated cells
by RIPA (radioimmunoprecipitation assay) solu-
tion. The protein sample was separated by elec-
trophoresis on 10% SDS-PAGE (sodium dodecyl
sulphate-polyacrylamide gel electrophoresis) and
then transferred to PVDF (polyvinylidene difluo-
ride) membrane. After membranes were blocked
with skimmed milk, they were incubated with pri-
mary antibodies (Cell Signaling Technology, Dan-
vers, MA, USA) overnight at 4°C. The membranes
were then washed with TBST (Tris-buffered Saline
with Tween 20) and followed by the incubation of
secondary antibody. The protein blot on the mem-
brane was exposed by chemiluminescence.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS20.0, IBM Co., Armonk, NY, USA) sta-
tistical software was used for data analysis and
GraphPad Prism (Version X, La Jolla, CA, USA)
was introduced for image editing. Measurement
data were expressed as mean + standard deviation
(x* s5) and compared using the #-test. p<0.05 was
considered to be statistically significant.

Results

MicroRNA-212 Was Downregulated
in PCa Patients

By analyzing the expression levels of microR-
NA-212 in 72 PCa tissues, we found that mi-
croRNA-212 was downregulated in PCa patients
(Figure 1A). Besides, the lower survival rate was
found in PCa patients with lower microRNA-212
expression than those with higher level (Figure 1B
and 1C). Compared with PCa patients with higher
microRNA-212 expression, those with lower level
presented higher tumor grade (Table I). We then
detected microRNA-212 expression in PCa cell
lines and the results showed that 22RV1 cells ex-
pressed the lowest level (Figure 1D), which was
selected for the following in vitro experiments.

Overexpressed MicroRNA-212 Inhibited

Proliferation and Migration of PCa Cells
Overexpression plasmid of microRNA-212

was transfected into 22RV1 cells and the trans-
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Figure 1. MicroRNA-212 was downregulated in PCa patients and cells. 4, MicroRNA-212 was downregulated in PCa pa-
tients. B, MicroRNA-212 expression in PCa tissues. C, The survival rate in PCa patients with lower expression of microR-
NA-212 was lower than those with higher expression of microRNA-212. D, MicroRNA-212 was downregulated in PCa cells.

fection efficacy was verified by qRT-PCR (Fig-
ure 2A). Decreased proliferation (Figure 2B) and
migration (Figure 2D) abilities were found after
microRNA-212 overexpression in 22RV1 cells.
Moreover, overexpressed microRNA-212 also re-
sulted in promoted cell apoptosis (Figure 2D) and
arrested cell cycle (Figure 2E). Colony formation
assay indicated that the colony formation ability
is remarkably inhibited by upregulated microR-
NA-212 (Figure 2F).

Overexpressed MicroRNA-212 Inhibited
BMI1 Expression

Luciferase reporter gene assay verified that
microRNA-212 could bind to BMI1 (Figure 3A).
Differentially expressed BMII1 has been reported

to participate in tumor development. Here, we
found decreased protein (Figure 3B) and mRNA
(Figure 3C) levels of BMI1 after microRNA-212
overexpression, indicating that microRNA-212
promotes PCa development via targeting BMI1.

Overexpressed MicroRNA-212 Inhibited
Expressions of Inflammatory Factors

Previous studies have demonstrated that in-
flammatory factors were abnormally expressed
in peripheral blood of PCa patients. After overex-
pression of microRNA-212, we found a remark-
able reduction in IL-6 (Figure 4A) and TGF-p1
(Figure 4B) levels in PCa cells. Our data suggest-
ed that overexpressed microRNA-212 inhibits ex-
pressions of inflammatory factors.
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Overexpressed MicroRNA-212 Inhibited
NF«B Pathway

To further explore the mechanism of microR-
NA-212 inregulating PCa development, we detect-
ed protein expressions of NF-kB pathway-related
genes by Western blot. The data demonstrated
that protein (Figure 4C) and mRNA (Figure 4D)
levels of p5S0O were decreased after microRNA-212
overexpression. Besides, protein (Figure 4E) and
mRNA (Figure 4F) levels of p65 were also de-
creased after microRNA-212 overexpression. Our
results demonstrated that microRNA-212 reg-
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ulates PCa development by targeting BMI1 via
NF-kB pathway.

Discussion

Accumulating evidence has shown that mi-
croRNAs exert a crucial role in maintaining nor-
mal cell growth and function, and differentially
expressed microRNAs are closely related to can-
cers. It has been confirmed that microRNAs
could inhibit oncogene expressions®. For exam-
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Figure 2. Downregulated microRNA-212 inhibited cell proliferation and migration. A4, MicroRNA-212 expression was in-
creased after microRNA-212 overexpression. B, Overexpressed microRNA-212 inhibited cell proliferation. C, Overexpressed
microRNA-212 inhibited cell migration. D, Overexpressed microRNA-212 arrested cell cycle in G0/G1 phase. F, Overex-

pressed microRNA-212 inhibited colony formation ability.
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Figure 3. MicroRNA-212regulated BMI1 expression. 4, MicroRNA-212 could bind to BMI1. B, Overexpressed microR-
NA-212 reduced protein expression of BMII. C, Overexpressed microRNA-212 reduced mRNA expression of BMII.

ple, knockdown of microRNA let-7 decreases the
overexpressed Ras, which further shortens post-
operative survival in patients with non-small cell
lung cancer?'. MicroRNA-21 is widely expressed
in breast, prostate, lung, colon, pancreas, and
stomach, which promotes tumor growth via in-
hibiting cell apoptosis?. Disordered microRNAs
would severely affect intracellular homeostasis.
In the present study, we found that overex-
pressed microRNA-212 could inhibit the prolif-
eration of PCa cells. Transwell assay indicated
that microRNA-212 overexpression could effec-
tively inhibit migration of PCa cells, suggesting
that downregulated microRNA-212 in PCa pa-
tients would promote tumor development. More-

over, cell cycle was arrested in G0/G1 phase after
overexpression of microRNA-212. Cell apoptosis
is an essential biological process in maintaining
tissue development and homeostasis. Our data
elucidated that overexpression of microRNA-212
remarkably stimulates apoptosis of PCa cells,
suggesting that downregulating microRNA-212
in PCa patients would reduce cell apoptosis,
thereby promoting tumor development. To sum
up, downregulated microRNA-212 in PCa pa-
tients could effectively promote cell prolifera-
tion, migration and DNA synthesize, whereas it
could inhibit cell apoptosis.

To further explore the underlying mecha-
nism of microRNA-212 in regulating PCa, we
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predicted the target gene of microRNA-212 by
TargetScan and BMI1 was screened out. BMI1
is one of the core members of the PcG family.
BMI1 is overexpressed in tumor cells, which
is capable of regulating the development and
progression of tumors. The BMI1 expression
is related to the pathological indicators in tu-
mor patients?*?*, In addition, scholars®**¢ have
shown that BMII is post-transcriptionally reg-
ulated after binding to microRNA-630. Our
work verified that BMII is the target gene of
microRNA-212 by luciferase reporter gene as-
say. In vitro experiments further confirmed that
BMI1 is regulated by microRNA-212.
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Studies have shown that serum levels of IL-6
and TGF-B1 are remarkably elevated in PCa pa-
tients?”. In our investigation, overexpressed mi-
croRNA-212 resulted in decreased expressions of
IL-6 and TGF-B1 in 22RV1 cells. Accumulating
evidence has shown that the activation of the NF-
kB pathway is closely related to the occurrence
of PCa®. In the classical NF-kB pathway, NF-
kB/Rel is inhibited after binding to IkB¥. In the
non-canonical NF-kB pathway, pl00/RelB com-
plex is inactivated in the cytoplasm*®. The p52/
RelB complex with transcriptional ability trans-
locates into the nucleus and activates target gene
expressions®’. We demonstrated that downregu-
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Figure 4. Overexpressed microRNA-212 inhibited NF-xB pathway. A-B, The mRNA levels of IL-6 (4) and TGF-B1 (B)
after overexpressing microRNA-212 in PCa cells. C, D, Protein (C) and mRNA (D) levels of p50 after overexpressing microR-
NA-212 in PCa cells. E, F, Protein (E) and mRNA (F) levels of p65 after overexpressing microRNA-212 in PCa cells.
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lated microRNA-212 regulates PCa development
through promoting the secretion of inflammatory
cytokines via NF-kB pathway.

Conclusions

We found that microRNA-212 was downreg-
ulated in PCa tissues, which could promote PCa
development by targeting BMI1 via NF-xB path-
way.
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