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Background: Micro-ribonucleic acids (miRNAs) are crucial regulators in malignant tumors.
miRNA-29b (miR-29b) has been identified as a tumor suppressor in prostate cancer (PCa).
However, very few studies have investigated the effects of miR-29b in PCa, especially the
mechanism and its association with chemotherapy. Our study aimed to explore the role and
mechanism of miR-29b in PCa.

Materials and methods: The expression levels of miR-29b were detected in ten clinical PCa
specimens and four different PCa cell lines through quantitative real-time polymerase chain
reaction. After miR-29b mimics and inhibitors were successfully transfected into LNCaP, the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was then used to investi-
gate cell proliferation and cisplatin sensitivity of PCa cells. Cell cycle, cell apoptosis, and cell
invasion were detected via flow cytometry, annexin V—fluorescein isothiocyanate labeling,
and transwell assay, respectively. Based on bioinformatic methods, Western blot analysis, and
dual-luciferase reporter assay, novel target genes of miR-29b were identified.

Results: miR-29b was downregulated in PCa tissues compared with matched adjacent nontumor
tissues. In the androgen-independent PCa cell line (LNCaP-Al), the expression of miR-29b
was much lower than the androgen-dependent PCa cell line (LNCaP). Subsequent studies
showed that forced expression of miR-29b inhibited cell proliferation and cell invasion and
induced cell apoptosis in PCa. Upregulation of miR-29b also enhanced the chemosensitivity
of PCa cells to cisplatin. Moreover, we identified DNMT3b and AKT3 as novel target genes of
miR-29b in PCa.

Conclusion: Taken together, the results showed that miR-29b plays a tumor-suppressive role
in PCa. It inhibits cell biological behavior and enhances the chemotherapy effects of cisplatin
through its involvement in epigenetic regulation and PI3K/AKT pathway.

Keywords: miRNA-29b, prostate cancer, cell biological behavior, chemosensitivity, DNMT3b,
AKT3

Introduction

Prostate cancer (PCa) is one of the most lethal diseases in men worldwide. It is
also the second-leading cause of cancer deaths among men in developed countries.'
Chemotherapy is a mainstay therapy for PCa, especially for advanced PCa. However,
most PCa patients will develop chemoresistance following a period of chemotherapy.
Chemoresistance remains challenging and difficult for PCa researchers. Therefore,
finding new approaches to reverse chemoresistance in PCa would be a huge step
forward in the treatment of PCa.’
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Micro-ribonucleic acids (miRNAs) are endogenous small
noncoding RNAs. They work as post-transcriptional regu-
lators of gene expression by binding to the 3’-untranslated
region (UTR) of target messenger RNAs (mRNAs).** One
miRNA can bind to a number of mRNA transcripts, and
in turn one mRNA can be targeted by a widespread panel
of miRNA species.’ Evidence has shown that miRNAs are
crucial regulators of cancer by targeting different signaling
pathways and multiple transcripts.®’

The miRNA (miR)-29 family consists of three members —
miR-29a, miR-29b, and miR-29¢ — differing only in two
or three bases.?’ As a member of miR-29 family, miR-29b
is generally recognized as a fundamental regulator of the
epithelial-mesenchymal transition (EMT) involved in cancer
metastasis and chemoresistance.!®!! Several reports have
revealed that miR-29b is a critical regulator of cancer, mostly
through targeting oncogenes and exerting epigenetic regula-
tion. Studies have reported that miR-29b is downregulated in
PCa and acts as a tumor suppressor.' However, there are very
few studies focusing on the role and underlying mechanisms
of miR-29b in PCa. Based on these facts, we undertook this
study to investigate the specific roles of miR-29b in PCa. Its
effects on cell biological properties, chemoresistance, and
target genes in PCa were explored.

Materials and methods

Clinical prostate specimens

Clinical specimens were obtained from patients at the Second
Xiangya Hospital of Central South University, Changsha. All
the patients had been diagnosed with PCa and had undergone
radical prostatectomy during April 2012 to October 2013.
Cancer tissues and matched noncancerous tissues were
obtained immediately after the prostates were resected. The
specimens were then maintained at —80°C. The protocol
was approved by the Institutional Review Board of Central
South University.

Cell lines and cell culture

The human PCa cell lines PC3, DU145, and LNCaP were pro-
cured from the cell bank of the Chinese Academy of Sciences
in Beijing, People’s Republic of China (PRC) and were
cultured in Roswell Park Memorial Institute (RPMI) 1640
medium containing 10% fetal bovine serum (FBS), 100 U/mL
penicillin, and 100 pg/mL streptomycin (Sigma-Aldrich,
St Louis, MO, USA) in a humidified incubator at 37°C contain-
ing 5% CO,. The androgen-independent cell line LNCaP-Al
was derived from LNCaP after culturing in androgen-removed
culture medium. The LNCaP-AlI cell line was cultured in

RPMI 1640 medium with FBS after processing with 10%
activated carbon and glucose. A miR-29b mimic sequence was
synthesized by GenePharma Technology (Shanghai, PRC).
The miR-29b mimic sequence was transfected at working
concentrations using Lipofectamine 2000 reagent (Thermo
Fisher Scientific, Waltham, MA, USA).

Quantitative real-time PCR

Total RNA was extracted using Trizol reagent from the cells
(Trizol RNA-extraction kit; Qiagen, Venlo, the Netherlands)
according to the manufacturer’s protocol. For miRNA-
expression analysis, complementary deoxyribonucleic acid
(DNA) was synthesized from total RNA (10 ng) using a
TagMan miRNA reverse-transcription kit (Thermo Fisher
Scientific) with miRNA-specific primers. RNU6 was used as
an internal control. The primer of miRNA amplification was
miR-29b-forward 5’-GGGTAGCACCATTTGAAATC-3,
miR-29b-reverse 5’-TTTGGCACTAGCACATT-3’, U6-
forward 5’-CTCGCTTCGGCAGCACA-3’, and Ub-reverse
5’-AACGCTTCACGAATTTGCGT-3’. Quantitative real-
time polymerase chain reaction (QRT-PCR) was carried out
using All-in-One™ g-PCR Mix (GeneCopoeia, Rockville,
MD, USA) on an ABI Prism 7900HT system (Thermo Fisher
Scientific). Template-negative and reverse transcription-
negative conditions were used as controls. All experiments
were repeated three times, and all assays contained a neg-
ative-control reaction group. All samples were normalized
to internal controls. The fold change in expression was then
obtained using the ddCt method.

Transfection with miR-29b mimics

The hsa-miR-29b mimics and negative-control miRNA
were respectively used (hsa-miR-29b mimics sense
5’-UAGCACCAUUUGAAAUCAGUGUU-3’, antisense
5-AACACUGAUUUCAAAUGGUGCUA-3’; negative-control
miRNA sense 5-UUCUCCGAACGUGUCACGUTT-3, anti-
sense 5-ACGUGACACGUUCGGAGAATT-3"). LNCaP cells
were seeded in six-well plates and cultured with serum-free
medium for 24 hours. Lipofectamine 2000 was used to trans-
fect cells with miR-29b mimics, inhibitors, or negative-control
miRNA according to the instructions. Concentrations for miR-29b
mimics and inhibitors were 2 uUM. RPMI 1640 containing 10%
FBS was used to culture transfected cells. miR-29b mimics and
negative-control miRNA were synthesized by GenePharma
Technology. The transfection efficiencies of miRNA in LNCaP
cells were confirmed based on the expression level of miR-29b by
quantitative real-time (QRT)-PCR-PCR and immunofluorescent
assay. Transfection efficiency more than 80% was defined as
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successful transfection. Fluorescent cells and normal cells were
observed under light microscopy and fluoroscopy, respectively.
Transfection efficiency in our experiment was more than 80%,
indicating a successful transfection (Figure 1A). Relative miR-
29b expression levels in the transfection group were significant
higher than the negative-control group (P<0.05, Figure 1B).

Cell proliferation and cisplatin sensitivity

(MTT assay)

Based on the level of miR-29b expression, the LNCaP cell
line was selected for the research. Cisplatin was obtained
from Selleck Chemicals (Shanghai, PRC). According to
the results of our preliminary experiment, the optimum cis-
platin concentration was 5.0 ug/mL. LNCaP cells of each
group were plated in 96-well plates at 1x10* per well in a
final volume of 100 uL. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was added after incuba-
tion for 24 hours in a humidified incubator at 37°C with 5%
CO,. The plates were incubated for another 4 hours. Dimethyl
sulfoxide (Sigma-Aldrich) was used at 37°C for 10 minutes
following removal of culture medium. The absorbance was
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Figure | miR-29b is downregulated in prostate cancer.
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measured at 570 nm by a microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

Cell-cycle, cell-apoptosis, and cell-
invasion assays

To evaluate the effect of miR-29b on the cell cycle and cell
apoptosis, flow cytometry and annexin V—fluorescein isothio-
cyanate (FITC) labeling was used. The cells transfected with
miR-29b mimics or negative-control miRNA were harvested
and resuspended in 100 mL of flow-cytometry staining buffer.
The buffer contained 1x phosphate-buffered saline (PBS) and
2% FBS. The cells were then stained with propidium iodide
(PI; Sigma-Aldrich) staining solution. PI fluorescence was
measured, and PI fluorescence-positive cells were counted as
dead cells. The collected cells were resuspended in 0.5 mL of
PBS. Then, they were fixed with 4.5 mL of 70% ethanol for
4 hours, washed with PBS, and stained with PI staining solu-
tion. The cell-cycle distribution was determined by using a
FACSCalibur flow cytometer (FL-2 channel). Cell apoptosis
was detected via an annexin V-FITC labeling kit purchased
from Kaiji Biotech (Nanjing, PRC), and was carried out
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Notes: (A) Transfection efficiency of miR-29b mimics was evaluated, and more than 80% of cells were found to be transfected in light microscopy and fluoroscopy, suggesting
the transfection was successful. (B) Relative miR-29b expression in the miR-29b mimic group (miR-29b group) was significantly higher than the negative-control miR (Cont-
miR) group (*P<<0.05). (C) Comparison of miR-29b expression in prostate cancer tissues (Cancer) and compared with patient-matched control noncancerous prostate
tissues (Control). miR-29b expression was significantly lower in the cancer group (*P<<0.05). (D) Comparison of miR-29b expression in different prostate cancer cell lines.

miR-29b expression was significantly lower in LNCaP-Al cell lines (*P<0.05).
Abbreviation: miR, micro-ribonucleic acid.

OncoTargets and Therapy 2015:8

submit your manuscript

559

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Yan et al

Dove

according to the supplier’s instructions. FITC-labeled cells
were counted and analyzed by a FACSAria™ flow cytometer
(BD Biosciences, San Jose, CA, USA).

Matrigel (BD Biosciences) was utilized according to the
instructions. Diluted with FBS-free RPMI 1640 with a ratio
of 1:8, the diluted Matrigel was then added to the transwell
bottom chamber. LNCaP cells were treated with 0.25% trypsin
and added to RPMI 1640 to prepare a 1x106/mL single-cell
suspension. A transwell chamber was then put into a 24-well
plate. RPMI 1640 (600 pL) containing 10% FBS and 200 puL
of the prepared single-cell suspension were added. After
48 hours’ incubation at 37°C in an incubator with 5% CO,, all of
the liquid was removed from the transwell chamber and the bot-
tom chamber. Nitrocellulose membranes were used for Western
blot analysis. The membrane was then washed with PBS three
times, immersed in methanol, and kept for 20 minutes at room
temperature, followed by hematoxylin staining for 10 minutes.
The cells that migrated through the pores to the lower surface of
the membrane were counted under a microscope (x400).

Bioinformatics and Western blot analysis
Identification of potential miR-29b target genes was per-
formed using the TargetScan and PicTar databases. The
putative miRNA targets included the most recent TargetScan
predictions and the 3’-UTR targets reported by Ru et al.!?
Protein lysates were separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (Sigma-Aldrich)
and transferred to nitrocellulose blotting membranes (Pierce,
Rockford, IL, USA). The membranes were then incubated
with fluorescence-labeled secondary antibody IgG (1:4,000
dilution). GAPDH was used as the control. The company
information and catalog numbers for antibodies SOCS-1,
Mcl-1, DNMT3b, MMP2, IFN-y, SMAD3, SOCS5, AKT3,
and GAPDH were as follows: ABCAM/ab9870, Cst/5453,
Abcam/ab2851, Abcam/ab124294, Cst/3159, Cst/9523,
Abcam/ab3695, Cst/8018, and SANTA/SC-365062, respec-
tively. After exposure and development, protein expression was
analyzed using a gel-imaging analysis system (Gel-Pro 4.0).
Western blot assays were performed in triplicate.

Dual-luciferase reporter assay

The Dual-Luciferase® Reporter Assay System (Promega,
Fitchburg, WI, USA) was used according to the protocol.
Dual-luciferase reporter constructs containing the putative
miR-29b binding sites from DNMT3b and AKT3 were used
as described previously.'>!3 Briefly, partial sequences of the
3’-UTR of AKT3 (454 nt) and sequences of the 3’-UTR of
DNMT3b (443 nt) were inserted in the pmirGLO vector

(Promega). Constructs were cotransfected into LNCaP cells
cultured in 12-well plates using Lipofectamine 2000. Briefly,
30 nM miRNA mimics, inhibitors, or control miRNA was
transfected with 0.6 g of the pMiR 3’-UTR clones. Luciferase
activity was measured at 48 hours posttransfection.

Statistical analysis

SPSS 16.0 software was used for statistical analysis. All
data are presented as means t standard deviation of three
independent experiments. Student’s two-tailed #-test was used
for comparisons of two independent groups. P-values <0.05
were considered statistically significant.

Results
Expression levels of miR-29b in prostate

cancer specimens and cancer cell lines
Ten patients receiving radical prostatectomy were included
in our study, with approval of the Institutional Review Board
of Central South University. All the patients provided writ-
ten informed consent. The age range of these ten patients
was 56—74 years, with an average age of 68.1 years. There
were seven T1-T2 patients of and three T3 patients accord-
ing to TNM (tumor, node, metastasis) staging. There were
four G1-G2 patients and six G3—G4 patients of according
to pathologic grading (Table 1). miR-29b expression was
significantly lower in cancer tissues than in noncancerous
tissues (P<<0.05, Figure 1C). However, no statistical sig-
nificance and no correlation between miR-29b levels and
Gleason grade or TNM stage was found.

The relative expression of miR-29b in four PCa cell lines
(DU145, PC3, LNCaP, and LNCaP-Al) were 4.56%0.14,
1.45+0.36, 1.2020.08, and 0.9940.13 (P<<0.05), respectively.
The expression level of miR-29b in LNCaP-Al cells, which

Table | Patient characteristics

Number Age PSA Gleason TNM
(years) (ng/mL) score classification
T N M

| 65 48.5 4+3 2 0 0
2 56 20.3 343 2 0 0
3 67 56.4 4+4 3b | 0
4 70 26.7 343 2 0 0
5 74 43.7 4+5 3b | 0
6 73 21.9 4+4 0 0
7 71 19.6 343 0 0
8 72 389 4+3 3b 0 0
9 66 31.2 4+5 2 0 0
10 67 17.6 343 2 0 0

Abbreviations: PSA, prostate-specific antigen; TNM, tumor, node, metastasis.
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represented the androgen-independent cell line, was significantly
lower than miR-29b expression in LNCaP cells (Figure 1D).
Since LNCaP cells showed relatively low miR-29b expres-
sion level and had been mostly used in our previous studies,
they were selected for our next experiments.

Upregulation of miR-29b expression
inhibits cell growth and invasion

and induces apoptosis of PCa cells

Cell-cycle changes were examined by flow cytometry in
the miR-29b mimic-transfected group (miR-29b group)
compared with the negative-control group (Cont-miR).
In the miR-29b group, the proportion of sub-G /G -phase
cells increased significantly, and the proportion of S-phase
and G,/M-phase cells decreased significantly compared
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with the Cont-miR group (P<<0.05, Figure 2A), indicat-
ing that overexpression of miR-29b inhibited cell growth
in PCa.

Cell apoptosis was then determined by annexin V-FITC
labeling. The total apoptosis rate in the miR-29b group was
significantly higher than in the Cont-miR group (P<0.05,
Figure 2B), suggesting that overexpression of miR-29b
induced cell apoptosis in PCa.

Similar results were revealed in transwell chambers
for invasion assay between the miR-29b group and Cont-
miR group. The invasion cells were more significantly
reduced in the miR-29b-transfected group compared to
the Cont-miR group (P<<0.05, Figure 2C), demonstrating
that increased miR-29b expression repressed cell invasion
in PCa.
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Figure 2 Upregulation of miR-29b expression inhibited growth and invasion and induced apoptosis of prostate cancer cells.

Notes: (A) In the miR-29b mimic-transfected group (miR-29b), the proportion of sub-G /G, -phase cells increased significantly, and the proportion of S-phase and G,/M-phase
cells decreased significantly compared with the negative-control group (Cont-miR). (B) The percentage of apoptotic cells in the miR-29b group was significantly higher than
in the Cont-miR group (*P<<0.05). (C) The invasion cells were significantly reduced in the miR-29b-transfected group compared to the negative-control group (*P<<0.05).

Abbreviations: miR, micro-ribonucleic acid; FITC, fluorescein isothiocyanate.
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chemosensitivity of PCa cells to cisplatin
There were five groups: the blank control group (Blank),
LNCaP transfected with negative-control miRNA (Cont-
miR), LNCaP transfected with negative-control miRNA
plus cisplatin (Cont-miR + cisplatin), LNCaP transfected
with miR-29b mimics (miR-29b), and LNCaP transfected
with miR-29b mimics plus cisplatin (miR-29b + cisplatin).
The LNCaP cell-growth rate in miR-29b was significant
lower than in Blank and Cont-miR (P<<0.05), indicating that
miR-29b inhibited cell proliferation of PCa. The cell-growth
rate in miR-29b + cisplatin was significantly lower than
Cont-miR + cisplatin and miR-29b (P<<0.05), suggesting
that overexpression of miR-29b enhanced the chemotherapy
of cisplatin on PCa (Figure 3A).

miR-29b directly targets DNMT3b
and AKT3

Potential miR-29b target genes were searched using the
TargetScan and PicTar databases. Eight potential candidate tar-
get genes were screened, including SOCS-1, Mcl-1, DNMT3b,
MMP2, IFNy, SMAD3, SOCS5, and AKT3. In parallel,
GAPDH was also included as a control. Western blot analysis
was then done to detect the protein-expression levels of these
nine genes (Figure 3B). Among these, the protein expression
of Mcl-1, DNMT3b, and AKT3 was significantly decreased
in the miR-29b mimic-transfection group and increased
in the miR-29b inhibitor-transfection group (Figure 3C).
Since previous research by Steele et al has demonstrated
that Mcl-1 is a target gene in PCa, we focused on the genes
of DNMT3b and AKT3.'> We found putative miR-29b target
sites in the DNMT3b 3’-UTR and AKT3 3’-UTR (Figure 4A).
Dual-luciferase reporter assays showed reduced luciferase
activities in miR-29b mimic-transfected cells and increased
luciferase activities in miR-29b inhibitor-transfected cells in
both the DNMT3b (Figure 4B) and AKT3 groups (Figure 4C).
The results demonstrated that miR-29b targets DNMT3b
and AKT3 directly.

Discussion

miRNAs have been known to affect cellular biological behav-
iors, including the cell cycle and cell proliferation, apoptosis,
and invasion.’ There are huge associations of miRNAs with
tumor etiology, progression, and prognosis in multiple human
cancers.® Various studies have demonstrated that miR-29b
acts as a tumor-suppressive miRNA in many different
cancers. However, relatively little research has focused on
the effects of miR-29b on PCa. Ru et al demonstrated that
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Figure 3 Overexpression of miR-29b enhances chemosensitivity of cisplatin on
prostate cancer cells. miR-29b targets DNMT3b and AKT3.

Notes: (A) Compared with the blank-control (blank) and negative-control miR
(Cont-miR) groups, the relative cell-growth rate in the miR-29b group was
significantly lower along with action time, indicating that miR-29b inhibited cell
proliferation of prostate cancer. Cell viability in the miR-29b group plus cisplatin was
significantly lower than the miR plus cisplatin-control group and the miR-29b group,
suggesting that overexpression of miR-29b enhanced the chemotherapy of cisplatin
for prostate cancer. (B) Western blotting of eight potential genes’ expression at the
protein level in the blank, negative-control miRNA, miR-29b inhibitor-transfection,
and miR-29b mimic-transfection groups. (C) The quantitative protein expression
of DNMT3b, AKT3, and Mcl-1 were significantly increased in the miR-29b mimic-
transfection group (Mimics) and decreased in the miR-29b inhibitor-transfection
group (Inhibitors). *P<<0.05.

Abbreviation: miR, micro-ribonucleic acid.

miR-29b can inhibit cell growth by targeting antiapoptotic
and prometastatic molecules in PCa. miR-29b also acts as
an antimetastatic miRNA in PCa cells by regulating EMT
signaling.'*!?

In our study, we have illustrated that miR-29b expres-
sion is decreased in PCa tissues compared with noncancer-
ous tissues, in accordance with previous research results.!
However, no statistical significance and no correlation

between levels of miR-29b and Gleason grade or TNM stage
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Notes: (A) Computational analysis of 3’'UTR of DNMT3b and AKT3 revealed the 3’-UTR-binding sites. The miR-29b target regions of DNMT3b and AKT3 are indicated.
(B) Luciferase assay showing increased reporter activity after cotransfection of DNMT3b with miR-29b inhibitors and decreased reporter activity after cotransfection of
DNMT3b with miR-29b mimics (*P<<0.05). (C) Luciferase assay showing increased reporter activity after cotransfection of AKT3 with miR-29b inhibitors and decreased

reporter activity after cotransfection of AKT3 with miR-29b mimics (*P<<0.05).
Abbreviations: UTR, untranslated region; miR, micro-ribonucleic acid.

was found. In PCa cells, miR-29b expression was lower in
androgen-independent cells than in androgen-dependent
cells. This might indicate the association of miR-29b with
castration-resistant PCa (CRPC) progress. To assess miR-
29b’s effects on cellular biological behavior, miR-29b
mimics were transfected into PCa cells, and the cell cycle,
proliferation, apoptosis, and invasion were then detected. Our
findings showed that forced expression of miR-29b inhibited
cell proliferation and cell invasion and induced cell apopto-
sis in PCa. Moreover, miR-29b upregulation enhanced the
chemosensitivity of cisplatin on PCa, implying a potential
role in solving the issue of chemoresistance in PCa.

With regard to how miR-29b potentiates the effects of
enhancing chemosensitivity of PCa cells, there are some
possible mechanisms. In acute myeloid leukemia, the
epigenetic regulation of miR-29b can enhance the chemo-
therapy effects.!® Probably, miR-29b could also increase
the chemosensitivity of PCa through epigenetic regulation.
Moreover, EMT is involved in the resistance of cancer cells
to chemotherapy, and miR-29b is generally recognized as a
fundamental regulator of EMT involved in cancer metastasis
and chemoresistance.!*!* miR-29b could also increase the
chemosensitivity of PCa cells to cisplatin through targeting

EMT-related factors. What is more, studies have shown
that the PI3K/AKT pathway is involved in the mechanism
of cisplatin effects in various cancers.'>'¢ miR-29b has
been identified as a negative regulator of the PI3K/AKT
pathway.!” Our findings demonstrated that AKT3 is a target
gene of miR-29b in PCa. As a result, miR-29b may potenti-
ate its effects of PCa chemosensitivity to cisplatin through
regulating the PI3K/AKT pathway. In summary, miR-29b
could regulate cancer chemosensitivity, possibly through
exerting epigenetic effects and regulating the EMT process
and PI3K/AKT pathway.

Previous studies on PCa have identified Mcl-1, COL1A1,
COL4A1, and MMP-2 as target genes of miR-29b.'? Subse-
quent research indicated that miR-29b directly targets Snail,
akey gene involved in the metastatic phenotype.'° These results
partly shed light on how miR-29b exerts tumor-suppressor
effects on PCa. To further investigate possible functional
mechanisms of miR-29b in PCa and to identify more target
genes of miR-29b, we used bioinformatic methods and
Western blot to screen potential candidate target genes. Dual-
luciferase reporter assays were then performed to identify
target genes, since Mcl-1 has been identified as a target gene
of miR-29b multiple myeloma as well as PCa.'>!® Therefore,
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we focused on DNMT3b and AKT3 to detect if these two genes
were novel target genes of miR-29b in PCa. In this article,
the results of dual-luciferase reporter assays identified that
miR-29b targeted DNMT3b and AKT3 directly.

Epigenetic regulations are alterations in gene expres-
sion, including DNA methylation, histone modification,
and RNA-associated silencing, which are very important
pathways in modulating malignant cells. DNA methylation
can affect specific gene expression and result in tumor
occurrence or antitumor activity.! DNMT3b is a member of
the DNA methyltransferase family, which generally exerts
DNA-methylation effects, accounting for inactivation of
tumor-suppressor genes in many cancer cells. Various
studies have shown that miR-29b can target DNA meth-
yltransferase and downregulate the global DNA methyla-
tion in malignant cells, through which miR-29b exerts its
tumor-suppressive role. Increased miR-29b expression
could lead to marked downregulation of the expression of
DNA methyltransferases, including DNMT1, DNMT3a,
and DNMT?3b, by direct targeting or indirect interaction
in several cancers.??? In PCa, hypermethylation of tumor-
suppressor genes has been found to be associated with
advanced PCa. DNMT activity and DNMT levels were
higher in PCa cell lines compared to their nonneoplastic
cells, and DNMT3b activity was significantly higher in
more aggressive PCa cell lines.”> Moreover, DNMT inhibi-
tors could be potential therapeutic agents for advanced
PCa.? In this study, we observed that forced expression
of miR-29b inhibited DNMT3b protein levels by directly
targeting DNMT3b, consistent with previous studies in
other tumors. This result indicates that epigenetic regula-
tion of miR-29b is a very important pathway of tumor
suppression in PCa.

Activation of the PI3K pathway, resulting from loss of
the PTEN tumor-suppressor gene, is one of the predominant
pathways in PCa.? The serine/threonine-kinase AKT family
is the primary downstream mediator of PI3K signaling. The
AKT family consists of three members — AKT1, AKT2, and
AKT3 — that are highly homologous isoforms. Although
sharing a high degree of homology, the AKT family shows
distinct roles in human cancers.?*?” In triple-negative breast
cancer, downregulation of AKT3 significantly inhibits the
growth of cancer cells.?” AKT3 is also involved in modulat-
ing drug sensitivity.?® In PCa, knockdown of the AKT family
inhibits the growth of cancer cells in vitro and in vivo, sug-
gesting that targeting the AKT family could be an effective
treatment for PCa.? The regulation of the miR-29 family
on cell proliferation and apoptosis is also dependent on the
PI3K/AKT pathway in acute myeloid leukemia.*® In multiple

myeloma, the PI3K/AKT pathway is a negative regulator of
miR-29b by reducing AKT phosphorylation.!” All these pre-
vious studies have implicated that AKT3 is a crucial protein
in the cellular processes of malignant tumors, including cell
growth and drug sensitivity. AKT3 is also involved in the
regulation of miR-29b in many cancer types. In our research,
we have confirmed for the first time in PCa that miR-29b
exerts its tumor-suppressive effects by targeting AKT3. This
indicates that the PI3K/AKT pathway is implicated in the
miR-29b regulation of PCa.

However, there are some limitations in our study.
For instance, the small cohort of PCa patients and no
study on the effects of miR-29b on the CRPC process
or androgen receptor (AR) pathway were limitations.
To our knowledge, there has been no research exploring the
interaction of miR-29b with the AR pathway to date. How-
ever, interaction between AR pathways and PI3K/AKT
was identified by a recently published study. Its find-
ings suggest a novel mechanism in which AR signaling
is involved in PI3K/AKT pathway repression.’! Studies
have also shown that the regulation of DNMT activity was
dependent on AR, suggesting that AR is a key regulator of
DNMT expression.*>* In combination with our findings
and recently published studies, we will focus further study
on the association of miR-29b with AR, DNMTs, and the
PI3K/AKT pathway.

Conclusion

In summary, our findings demonstrate that miR-29b was
downregulated in PCa and was also downregulated in an
androgen-independent PCa cell line compared with an
androgen-dependent cell line, suggesting its potential role
in the CRPC process. miR-29b can inhibit cell proliferation
and invasion and enhance cell apoptosis and chemosensitivity
of PCa. Furthermore, we have shown for the first time that
miR-29b exerts its tumor-suppressive role through involve-
ment in epigenetic regulation and the PI3K/AKT pathway.
Further studies with larger samples are needed to elucidate
the effects and mechanism of miR-29b in the CRPC process
and chemoresistant cancer.
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