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Materials and Methods: The methylation o oter region in PCa

atment of the PCa cells

Using the DNA methylati
relationship between DN
Results: The r&@ methylation level of RUNX3 in PCa cell lines was
normal prostate epithelial (RWPE-1) cells. Furthermore,

@could regulate the expression level of RUNX3 by altering the DNA
gn of the RUNX3 in PCa cells.

RUNX3 is hypermethylated in a panel of PCa cell lines; inhibition of DNA
thylation of RUNX3 could restore its gene expression, which could promote its anticancer
Thus, RUNX3 may serve as a novel putative molecular target gene for PCa therapy.
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Background
Globally, prostate cancer (PCa) represents the second most frequent malignancy
among men. The recent epidemiological survey has recorded an increasing trend
in the annual incidence (12.6%) and mortality (5.5%) rates in China during the
past decade. With population aging and dietary transitions, the disease burden of
PCa will continue to increase in China.'” Despite significant research efforts,
the pathogenesis of PCa remains poorly understood. Therefore, active investiga-
tion on the relevant mechanism of the occurrence and development of PCa still
presents significant potential in reducing the PCa-associated morbidity and
mortality.

Runt-related transcription factor 3 (RUNX3) gene belongs to the RUNX family
of a developmental regulator that orchestrates diverse developmental and cellular
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processes, including proliferation, differentiation, apopto-
sis, and cell lineage specification.’ In humans, the gene
encoding RUNX3 is located on chromosome 1p36.1. A 4.2
kb cytosine-phosphate-guanine (CpG) island exists near
the 5" end promoter of the RUNX3 with a high GC content
of 64%. For this reason, genes with this structure are
highly susceptible to be regulated by methylation.*
DNA methylation is an epigenetic modification that reg-
ulates the gene expression and provides a mechanism for
conveying and preserving epigenetic information through
DNA replication and cell division. Accumulating studies
have indicated that aberrant changes in DNA methylation
are amongst the most common molecular alterations asso-
ciated with tumorigenesis and hypermethylation of the
promoter region of various cancer suppressor genes is
recognized as one of the most frequent mechanisms for
loss of gene function.®’ Moreover, recent advances in
epigenetics have provided an improved understanding of
molecular mechanisms underlying carcinogenesis. DNA
methylation alterations are highly prevalent in prostate
cancer, making them a sustained focus of research, with
growing evidence supporting their role in progression.®
Furthermore, the inactivation of the RUNX3 is a
increasingly implicated in the tumorigenesis of vario

ter. Evidently, studies have rep
of the CpG-island adjacent

silencing of RUNX3
revealed that RU]
es and 14.3% in the
(PIN) while RUNX3
o®1n normal or benign prostate
hat RUNX3 methylation was closely
e tumorigenesis.'>'® However, the

tissues, suggest
associated with pro
role and molecular mechanism underlying aberrant methy-
lation of the RUNX3 in prostate tumorigenesis is rarely
reported. Therefore, in this study, we investigated the
molecular mechanism by which RUNX3 expression is
affected by gene promoter methylation in PCa cells.
Furthermore, this study also provided new insights into
the diagnostic strategies for PCa and the epigenetic-based
therapeutic approaches for PCa based on RUNX3.

Materials and Methods

Cell Culture and Transfection

Human normal prostate epithelial cell line RWPE-1 and
prostate cancer cell lines PC3, DU145, 22Rv1 were pur-
chased from the Shanghai Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). RWPE-1 cells
were cultured in K-SFM special medium (Gbico, Grand
Island, NY, USA) supplemented with 2% Bovine Pituitary
Extract (BPE) (Invitrogen, CA, USA), 5 mM recombinant
epidermal growth factor (rEGF) (Sigma-Aldrich), and 1%

tained at 37°C in a hu,
PC3 and DU145

oncentration was determined based on the dose—
xperiment. All the plasmids and siRNAs were
urchased from Guangzhou Ruibo Biological Co., China.
e culture medium was replaced with RPMI-1640 con-
aining 10% FBS following incubation of the transfected
cells for 6 h. Then, the cells were cultured at 37°C humi-
dified atmosphere of 5% CO,. The cells were used for
subsequent experiments after 48 h of transfection.

Bisulfite Detection and Sequencing (BSP)
PC3 and DUI145 cells in the logarithmic growth phase
were harvested and genomic DNA was extracted using
the Cell DNA extraction kit (Beijing TIANGEN
Biological Co., China) following the manufacturer’s
instruction. The purity and concentration of the DNA
were measured with a UV spectrophotometer. DNA from
all cell lines was subjected to bisulfite conversion using
the methylation kit (Zymo Research, Orange, CA, USA)
according to the manufacturers’ protocols. Then, the bisul-
fite-treated genomic DNA was amplified with PCR. The
amplified PCR was verified using Gel electrophoresis.
Subsequently, the PCR product was purified and cloned
into a pMDI19-T vector, and 10 of the ligated products
were transformed into DHS competent cells. Following
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transformation, the cells were plated onto X-gal/IPTG- and
Amp-coated plates and incubated overnight at 37°C. The
three white spot colonies were selected through blue/white
colony screening and further inoculated in 2.5 mL of LB
liquid medium and incubated overnight at 37°C. Plasmids
were extracted using the plasmid extraction kits
(TIANGEN) and sequenced in Shanghai Sangon Co.,
Ltd. The sequences were then analyzed with the
UltraEdit Professional Text/Hex Editor.

CCK-8 Proliferation Experiment

Cell viability was measured using the Cell Counting Kit-8
(CCK-8) assay kit (Sigma). Briefly, PC3 and DU145 cells
in the logarithmic growth phase were harvested and trans-
fected with si-RUNX3 and seeded into 96-well plates at a
density of 4 x 10* cells/well. Following incubation, 20 uM
AZA (Sigma) solution was added to each well for co-
culture at 37°C in a humidified atmosphere of 5% CO,
for 24 h. The blank control group was treated with an
equal volume of RPMI-1640 (Gibco) culture medium;
10 puL of CCK-8 reagent (Sigma) was added to each well
at 0 h, 24 h, 48 h, 72 h, and 96 h and incubated for 2 hin a
humidified atmosphere incubator. The absorbance (OD
450) of each well was detected at 450 nm using a
mated microplate reader (VersaMax Microplate Rd
Sunnyvale, CA). Average of 5 duplicate g

20 uM of Adet

culture, a4

volu &

replaced S@@¥ 24 h and the culture medium was changed

every third 8 At the indicated times, cells were fixed
with 3.7% parai®maldehyde and stained with 0.05% crys-
tal violet for 20 min and dried naturally. The cells were
photographed and counted under a microscope, and the
number of cell clones was calculated.

Cell Apoptosis Experiment

Apoptotic cell death was measured using a fluorescein
isothiocyanate (FITC)-conjugated Annexin V/propidium
iodide (PI) assay (BD Bioscience, CA, USA). In brief,

AZA-treated PC3 and DU145 were transfected with si-
RUNX3, and the cells were washed twice with ice-cooled
PBS at 4°C. The cell pellet was collected by centrifugation
at 300 r/min for 5 min and re-suspended in 195 pL of
Annexin V-FITC binding buffer, and the cell density was
adjusted to 7 x 10° cells/mL. Subsequently, the cells were
stained with Annexin V-FITC (10 mg/mL) and PI (50 mg/
mL) staining solution. Following incubation, the cells
were washed with PBS twice and collected at a concentra-
tion of 1x10° cells/mL. These cells were incubated for 30

min at room temperature (RT) ig ark and then ana-

lyzed with an Accuri™ ¥

ith 70% alcohol in PBS at 4°C. After washing
RS cells were treated with PI/RNase staining solution
RNase (w/v) at 4°C for 30 min in the dark. The cell cycle
distribution was analyzed with flow cytometry (BD
Biosciences). The percentages of cells in the GO0/G1
phase, S phase, and G2/M phase were determined. The
experiment was independently repeated for 3 times.

Methylation-Specific PCR (MSP)

Previous studies have demonstrated that the DNA-methyla-
tion of CpG island in the P2 promoter region is the major
pathogenic mechanism of RUNX3 silencing.”'” P2 is located
around the exon 2 and P1 is located at the beginning of the
exon 6 (Figure 1A). The CpG islands in the P2 promoter
region of the RUNX3 were predicted using CpG island
prediction software (www.urogene.org). The genomic DNA
modified by bisulfite was amplified by the methylation kit
(Zymo) according to the manufacturer’s instructions, and the
purity and concentration were determined using an ultravio-
let spectrophotometer. The DNA was modified with bisulfite
using the EpiTect Bisulfite kit according to the manufac-
turer’s instructions, and the methylated and unmethylated
RUNX3 were amplified using the following primers: The
sequences of the MSP primers were: RUNX3 methylation
primer upstream: upstream S5-GGTTGTTTGTTTTTTTT
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53°C (30s) and extension at 72°C (90s), and final extension at

94°C for 5 min. Generation of an amplified product with

either methylated or unmethylated primers, respectively,
indicated presence and absence of methylated sequences in
the genome. Generation of amplified products with both
primer pairs implied partial methylation. The methylation
level of RUNX3 gene was calculated by the AACt method.

The experiment was repeated thrice.

elated transcription factor 3 (RUNX3) in prostate cancer cells. (A) The RUNX3 structure; (B) The
atic representation of BSP primer designing; (D) Bisulfite genomic sequencing of the RUNX3 CpG

Real-Time Fluorescence Quantitative
PCR (qRT-PCR)

Total RNA was extracted using the TRNzol reagent
(Invitrogen Life Technologies, CA, USA) following the
manufacturer’s instructions. The purity and the concentra-
tion of RNA were measured by a spectrophotometer. Total
RNA was reverse transcribed into cDNA using the reverse
transcription reagent (Invitrogen Life Technologies)
according to the manufacturer’s instructions. qRT-PCR
was performed to determine gene expression of target
genes using SYBR Green Real-time PCR Kit (Shanghai
Solarbio Co., China). The gRT-PCR was performed by
initial denaturation at 95 °C for 10 min, followed by 40

cycles of denaturation at 95 °C for 7 s, annealing at 60 °C
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for 20 s, and annealing at 72°C for 38 s. RT-PCR primers
are: RUNX3-F: 5-TGGCAGGCAATGACGA-3 *, RUN
X3-R: 5-TGGTTCGGCAAGGGAC-3’; DMNT3b-F: 5'-
TCTGGAAAACCTTCCTGCTG-3 ¢, DMNT3b-R: 5'-CC
GGCACATAGGTAAA AGGA-3 °; G-AGAAGGCTGG
GGCTCATTTG-3', GAPDH-R[15-AGGGGCCATCCAC
AGTCTTC-3 <. The 2 **“T method was used to determine
relative gene expression, which was normalized to the
amount of GAPDH mRNA. All experiments were per-
formed at least in triplicate for each gene. Data are
expressed as the mean = S.E.M.

Western Blot Experiment

AZA-treated PC3 and DU145 cells were transfected with
si-RUNX3. The modified cells were washed with ice-cold
PBS and then lysed with RIPA cell lysis buffer supple-
mented with protease inhibitor cocktail. Protein concentra-
tions were quantified using the BCA protein assay kit
(Thermo MA, USA). Proteins were separated using 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore, MA, USA).
Subsequently, the membrane was blocked with 5% skim

TBST solution for 5
bated with horserada

reference, thS&@atio of gray value between the target band
and internal ret®ence band was regarded as the relative
expression of the target proteins. Experiments for each

sample were independently repeated three times.

Statistical Analysis

All data were analyzed using Statistical Package for the
Social Sciences (SPSS) 19.0 software and GraphPad Prism
5.0. The data were expressed as mean + standard deviation (X
+ S). The comparison between the two groups was performed

by the independent sample ¢-test. Comparison between multi-
ple groups was performed by one-way analysis of variance
(ANOVA) and post hoc Bonferroni correction was applied
for multiple comparisons. The significance test level was
0=0.05, P <0.05 was considered statistically significant.

Results
DNA Hypermethylation of the RUNX3

Promoter Region in PCa Cells
Using CpG island prediction software. The results indicated

could provide a large numbeg
ification of this gene (Fi

ported in the Figure 1C.
NA methylation status of

e amplicons of region 1 exhibited high den-
s than those of the two other sets of primers (2

Pared with the 7.2% methylation rate of RWPE, the
methylation level of PCa cells in the amplicons of primer 1
was significantly increased in the three groups, PC3was
52.1%, DUI145 was 33.4%, and 22Rvl was 40.6%
(Figure 1D). The region from —738 to —624 on the P2
promoter of RUNX3 was determined to be the preferred
sites for DNA methylation, we next used the Primer 1 to
detect the DNA methylation status of RWPE1, PC3, DU14S5,
and 22Rv1 cells. Similarly, the results also indicated that the
P2 promoter region of the RUNX3 in the panel of 3 PCa cell
lines was significantly hypermethylated compared with nor-
mal RWPEI1 cells (Figure 1E).

AZA Reverses the Methylation-Mediated
Silencing of the RUNX3 and Promoted

the RUNX3 Expression in PCa Cells

The above experiments indicated that the RUNX3 in the PCa
cell lines PC3, DU145, and 22Rv1 presented a high level of
methylation, and therefore, we chose PC3 with relatively
higher methylation levels and DU145 with lower methyla-
tion levels for subsequent related experiments. The PCA and
DU 145 cells were continuously treated with different con-
centrations (5 pM, 10 uM, and 20 pM) of DNA methylation
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transferase inhibitor AZA for 96 h, while the control group
was treated with DMSO. The effect of AZA on the gene and
protein expression levels of RUNX3 was determined using
qRT-PCR and Western blot assays. The results demonstrated
that AZA could restore the mRNA and protein expression of
RUNX3 in PC3 and DU145 cells in a concentration-depen-
dent manner (Figure 2A, and B). Based on these findings, we
further used BSP to detect the DNA methylation level of
RUNX3 in PC3 and DU145 cells treated with 20 uM AZA for
96 h. It was found that AZA could significantly reverse the
aberrant alterations in the DNA methylation of RUNX3 in
PCa cells (Figure 2C). Taken together, the results indicated
that the methylation-mediated silencing of the P2 promoter
region of RUNX3 significantly down-regulated the expres-
sion level of this gene in PCa cells; however, treatment of
PCa cells with AZA resulted in a significant increase in
RUNX3 mRNA and protein expression levels, suggesting
that promoter demethylation by AZA can restore RUNX3
expression.

AZA Inhibited the Proliferation and
Induced Apoptosis of PCa Cells by
Promoting the Expression of RUNX3
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in PC3 and DU145 cells using siRNA. The transfection
efficiency was verified by qRT-PCR and Western blot
assays. The results indicated that compared with the cells
transfected with si-NC, the mRNA and protein expression
of RUNX3 in PC3 and DU145 cells transfected with si-
RUNX3 was significantly down-regulated (Figure 3A, and
B). Using CCK-8 cell proliferation, clone formation, cell
cycle, and apoptosis assays, we analyzed the effects of
treatment with silencing RUNX3 and/or AZA on the pro-
liferation, cell cycle, and apoptosis of PCa cells. The

. increase

ratio of

caspase-3 in cells were
blot assay. The results demon-
ote the expression of proteins
3, and reduce the protein expression of
1 (Figure 3G). Together, these results

ression of RUNX3 through inhibition of the cell cycle
rogression and induction of the intrinsic mechanism of

optosis.

DU145

RUNXS!; T
.

Relative protein expression of

&= PC3
@l DU145

O
& v

Figure 2 5-AZA-2"-deoxycytidine (AZA) demethylated the Runt-related transcription factor 3 (RUNX3) promoter region and promoted the RUNX3 expression in prostate
cancer cells. (A) AZA promoted the expression of RUNX3 mRNA in PCa cells PC3 and DU 145; (B) AZA promoted the expression of RUNX3 protein in PCa cells PC3 and
DU45; (C) AZA demethylated the promoter of RUNX3 in PC3 and DUI45; compared with Dimethyl sulfoxide (DMSO) group in PC3 cells, *P <0.05, **P <0.01, ***P
<0.001; compared with DMSO group in DU145 cells, *P <0.05, *#P <0.01, **p <0.001.
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cells, 9P <0.05.

ation of the RUNX3 in PCa
this hypothesis, we conducted qRT-PCR
assays to measure the expression of
RUNX3 in PC3 and DU145 cells following transfection
with siRNA that targeted the DNMT3b gene and with the
overexpression plasmid. The results indicated that the
mRNA and protein expression of RUNX3 in the cells
were significantly upregulated following DNMT3b knock

cells. To

and Western ¥

out, while the mRNA and protein expression of RUNX3 in
the cells were significantly down-regulated after the over-
expression of DNMT3b (Figure 4A-D). To further verify

i
* 8
i
}J
| HH
b
[
O
8 8 8 8 8

the cell cycle progression of PCa cell lines PC3 and DU 145; (F) AZA promoted the ap
promoted the protein expression of RUNX3, Bax, caspase-3, and p21| in PCa cell lines P
with si-NC group of PC3 cells, *P <0.05; compared with the si-NC group of DU145 cel
<0.05; compared with AZA + si-NC group PC3 cells, °P <0.05; compared with DMSO

Coll percentagel(%)

with Dimethyl sulfoxide (DMSO) + si-NC group PC3 cells, *P
5 cells, *P <0.05; compared with AZA + si-NC group DU145

olecular mechanism that DNMT3b affected the
RUNX3 expression through DNA modification, we per-
formed MSP to detect the DNA methylation level of the
P2 promoter region of the RUNX3 after DNMT3b knock
out and overexpression. The results demonstrated that the
hypermethylation level of RUNX3 in PC3 and DU145 cells
was significantly suppressed following DNMT3b knock
out, while the overexpression of DNMT3b could signifi-
cantly promote the methylation level of the gene in the two
cells (Figure 4E). Collectively, these findings indicated
that DNMT3b could regulate the expression level of the
RUNX3 by altering the DNA methylation of the RUNX3 in
PCa cells.

Discussion

PCa is the most prevalent malignancy of the male geni-
tourinary system, accounting for high morbidity and
mortality, worldwide. Despite significant scientific
breakthroughs and technological advancements, the sta-
tistics of PCa continue to increase compared to the
preceding years as the pathogenesis of PCa remains an

- 1
elusive concept.'®
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cells. (A and B) The effect of the knockout or overexpression of DNMT3b in PC3 and DU145
PCR; (C and D) the effect of the knockout or overexpression of DNMT3b in PC3 and DU,
Western blot assay; (E) the effect of the knockout or overexpression of DNMT3b in PC3 aj
detected by Methylation-specific PCR (MSP) test; compared with si-NC group PC3 cells, *P <!
si-NC group DU 145 cells, *P <0.05; compared with the Vector group DU 45 cells, 5P <0.05.

DNA methylation has long been recognized as one o

bminence as it is frequently

inactivated by cf@menetic mechanisms and the inactivation
of the RUNX3 wa
and development of diverse cancer types. Because RUNX3

psely associated with the occurrence

is frequently hypermethylated, its inactivation is considered
an early event in tumorigenesis. Furthermore, the DNA
methylation rates of the promoter region of RUNX3 in
gastric cancer tissues were significantly higher than that in
normal control tissues, and the methylation level of RUNX3
was closely associated with the poor prognosis of patients
with gastric cancer.'® The methylation level of RUNX3 is

ion factor 3 (RUNX3) in prostate cancer (PCa)

methylation level of RUNX3 in PC3 and DU 145 cells as
he Vector group PC3 cells, *P <0.05; compared with the

p be significantly high in a breast cancer patient
with positive estrogen receptor expression. In addition, the
oliferation, invasion, and migration of cells were signifi-
antly decreased following inhibition of the methylation of
RUNX3 in tumor cells.? In prostate cancer, some studies
have identified significant hypermethylation of the RUNX3
in tumor tissues, which was associated with the significant
under-expression of the RUNX3.'>!'® Considering these
pieces of evidence, we speculated that the aberrant methy-
lation of the RUNX3 in PCa may be involved in the
inactivation of the RUNX3 and the promotion of tumor
progression.

To test this hypothesis, our study indicated that the
methylation level of PCa cell line was significantly higher
than that of normal prostate epithelial cells and AZA could
restore RUNX3 expression in PCa cells in a concentration-
dependent manner and reduce the methylation level of the
promoter region of the RUNX3.

The down-regulation and the loss of function of the
RUNX3 caused by the promoter methylation were asso-
ciated with the occurrence of various tumors. The decreased
expression of RUNX3 in the intestinal tumors weakened the
inhibition of the Wnt signaling pathway, which leads to the
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up-regulation of cells cycle-related proteins Cyclin DI,
¢-Myc, CDK4, and in turn promoted the cell proliferation.?
Indeed, the increased expression of RUNX3 in gastric can-
cer cell lines could down-regulate Cyclin D1 expression and
up-regulate the expression of Bax and Caspase-3/7/8 to
induce apoptosis and eventually inhibit tumor growth and
distant metastasis.>' Previous studies have indicated that
promoter hypermethylation of the RUNX3 was noticeably
related to the poor prognosis of patients with PCa; however,
the underlying molecular mechanism is rarely reported.
Thus, to explore whether the suppression of the methylation
of the RUNX3 could inhibit the progression of PCa, we
identified that AZA could promote the expression of Bax,
Caspase-3, p21 protein and suppress the protein expression
of Bcl-2 and CyclinD1 by restoring the expression of
RUNX3, which markedly inhibited the proliferation of
PCa cells, increased the ratio of cells in the GO/G1 phase,
reduced the ratio of cells in the S phase and induced
apoptosis. Overall, these findings suggested that following
treatment with AZA treatment, the aberrant methylation of
the RUNX3 was gradually reversed to increase the expres-
sion level of RUNX3 so as to exert the antitumor effect of
the gene, which is consistent with its role in other tumors.
AZA, an inhibitor of DNMTs, can reduce the 1
transferase activity of the DNMTs through covalent bi
resulting in DNA hypomethylation, the actiyagms

pieces of the literal
tial moleculg

parison with T%@nal tissues and were correlated with Gleason
score, postoperat®We survival of patients with PCa, and tumor
metastasis.”**’ Thus, to investigate the mechanism by which
AZA up-regulates the RUNX3 expression in PCa, we con-
structed siRNA and cDNA clones targeting DNMT3b and
transfected PCa cells, and the results demonstrated that the
DNMT3b knockout in PCa cells could induce RUNX3 re-
expression through a reduction in the methylation level,
however, the increased expression of DNMT3b inhibited
the expression of DNMT3b by increasing the methylation

level of RUNX3. These results indicated that DNMT3b may
function as a critical factor that alters the DNA methylation
of the RUNX3 in PCa cells to regulate the expression level of
RUNX3.

Conclusion

The results of this investigation suggested that the reduced
expression of RUNX3 in PCa was significantly associated
with hypermethylation of CpG islands at the P2 promoter
region of RUNX3. Furthermore, the treatment of PCa cells

with AZA could restore the exprg RUNX3, and the
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