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Abstract

Background: Clooxygenase-2 (COX-2) expression is overexpressed 
in human prostate cancer, and aberrant methylation of the COX-2 pro-
moter has also been elucidated. However, how the methylation of CpG 
islands at COX-2 regulates its expression in prostate cancer is still un-
clear. We will determine the methylated 5′ CpG island of the COX-2 
gene and its role in the expression of COX-2 in prostate androgen-de-
pendent and androgen-independent cancer cells, LNCaP and DU145.

Methods: We used western blotting and quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR) to confirm the COX-2 
expression in prostate cancer cell lines, including LNCaP (androgen-
dependent) and DU145 (androgen-independent) cells. To investigate 
whether the COX-2 expression was regulated by the methylation status 
of the 5′ CpG island, we treated LNCaP and DU145 cells with the DNA 
methylation inhibitor, 5-aza-2′-deoxycytidine, and determined COX-2 
expression in the treated/untreated cells by western blotting and qRT-
PCR. Subsequently, bisulfite sequencing was performed to study the 
methylation sites in the treated/untreated cells. The effects of 5-aza-2′-
deoxycytidine to cell proliferation, cell migration and cell cycle process 
in DU145 and LNCaP cells were determined using Cell Counting Kit-8 
(CCK-8) assay, transwell assay and flow cytometry, respectively.

Results: The results revealed that the expression of COX-2 in an-
drogen-dependent LNCaP cells was 5.44-fold (in protein level) and 
2.46-fold (in mRNA level) higher than that in androgen-independent 

DU145 cells. After 5-aza-2′-deoxycytidine treatment, COX-2 expres-
sion in DU145 cells was elevated significantly, but no change was 
found in LNCaP cells. The A and C regions of the COX-2 CpG island 
exhibited reduced methylation along with that an increased expres-
sion of COX-2 was noted in DU145 cell after 5-aza-2′-deoxycytidine 
treatment. Also, the treatment with 5-aza-2′-deoxycytidine inhibited 
cell proliferation, cell migration and influenced the cell cycle progres-
sion in both DU145 and LNCaP cells.

Conclusions: Our results reveal that androgen receptor (AR)-depend-
ent/independent prostate cancer cell lines exhibit different regulation 
of methylation in COX-2 that regulate its expression. Additionally, 
5-aza-2′-deoxycytidine treatment of DU145 and LNCaP cells inhibits 
their ability of tumor progression.
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Introduction

Changes in the methylation status of CpG islands are fre-
quently observed in numerous human cancers, including pros-
tate cancer [1]. Aberrant methylation of CpG islands at glu-
tathione S-transferase Pi 1 (GSTP1), adenomatous polyposis 
coli (APC), Ras association domain family 1 isoform A (RASS-
F1a), multidrug resistant 1 (MDR1), and cyclooxygenase-2 
(COX-2; also known as prostaglandin-endoperoxide synthase 
(PTGS2)) genes have been discovered in most prostate cancer 
cell lines and tissues but not in their normal counterparts [2, 
3]. Hypermethylation of CpG islands in the promoter region 
of the GSTP1 gene has been described as a highly specific and 
sensitive biomarker for prostate cancer [4].

It is often correlated to chromatin organization and altera-
tions in gene expression by recruitment of histone deacetylases 
(HDACs) and methyl-CpG binding domain proteins (MBDs), 
which generally causes chromatin silencing [5, 6]. Alterations 
in DNA methylation in malignancies have been exploited for 
developing diagnostic tools for various cancers and can also be 
used to determine drug sensitivity [7]. DNA methyltransferase 
inhibitors (DNMTi), useful chemical tools, are widely used for 
hypomethylating the genomic DNA, that can investigate the 
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roles of DNA methylation in biological processes [8]. DNMTi 
drugs, the nucleoside analogs 5-azacytidine (5-AZA-CR) and 
5-aza-2′-deoxycytidine (5-AZA-dC), are assumed incorpo-
rated into replicating DNA, which results in the inhibition of 
DNA methyltransferases. 5-AZA-dC, a potent DNA methyl-
transferase 1 (DNMT1) inhibitor, incorporated into DNA, in-
hibits DNMT1 activity to induce loss of DNA methylation [9, 
10]. Therefore, 5-AZA-dC was usually used to explore the cor-
relation between demethylation of sites in specific genes and 
activation of the associated genes [8]. 5-AZA-CR and 5-AZA-
dC have been approved by the Food and Drug Administration 
(FDA) for treating patients with hematological malignancies, 
including myelodysplastic syndrome (MDS) and acute my-
eloid leukemia (AML) [11, 12], and are also being tested as 
therapeutic options in multiple solid cancers [13, 14].

COX is an enzyme that converts arachidonic acid to prosta-
glandins (PGs). Two isozymes of COX found in humans, consti-
tutive COX-1 and inducible COX-2, exhibit distinct functional 
differences, tissue distribution, and regulation of expression [15, 
16]. COX-2 expression is induced by cytokines, growth factors, 
pro-inflammatory molecules, and tumor inducers [15]. The in-
flammatory mediator prostaglandin E2 (PGE2), which is cata-
lyzed by COX-2, participates in several biological processes, 
including development, immune response, angiogenesis, and 
cancer progression [16]. Many factors influence COX-2 expres-
sion, such as GSTP1 and retinoic acid receptor β (RARβ) [17], 
which may be involved in the pathogenesis of cancer [18]. Vari-
ous studies have revealed the upregulation of COX-2 in prostate 
cancer tissues and cell lines by using semi-quantitative reverse 
transcription-polymerase chain reaction (PCR), immunoblot-
ting, and immunohistochemistry assays [18-20]. Aberrant meth-
ylation of the COX-2 promoter in numerous cancers, including 
prostate cancer, has also been reported [21-23]; however, how 
the methylation of CpG islands at COX-2 regulates its expres-
sion in prostate cancer is still unclear.

In this study, we will determine the methylated 5′ CpG is-
land of the COX-2 gene and its role in the expression of COX-
2 in prostate androgen-dependent and androgen-independent 
cancer cells.

Materials and Methods

Cell culture

Human prostate cancer cell lines, LNCaP (CLS Cat# 300265/
p761_LNCaP, RRID:CVCL_0395) and DU145 (NCI-DTP 
Cat# DU-145, RRID:CVCL_0105), were purchased from the 
Bioresource Collection and Research Center (BCRC, Taiwan). 
LNCaP cells are androgen-sensitive human prostate adenocar-
cinoma cells with androgen receptor (AR) expression, which 
was established from a lymph node metastasis tissue. DU145 
is an androgen-independent prostate cancer cell line, which 
lacks AR expression and was isolated from a brain metastasis 
prostate cancer patient. LNCaP cells were cultured in RPMI 
1640 medium (Gibco; Thermo Fisher Scientific, Inc.) contain-
ing 10% foetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/mL penicillin, 100 µg/mL streptomy-

cin (Gibco; Thermo Fisher Scientific, Inc.), and 2 mM L-glu-
tamine (Gibco; Thermo Fisher Scientific, Inc.). On the other 
hand, DU145 cells were cultured in Eagle’s minimum essen-
tial medium (EMEM; ATCC, Manassas, VA, USA) containing 
10% FBS, 100 U/mL penicillin, 100 µg/mL streptomycin, and 
2 mM L-glutamine. All cells were maintained in a humidified 
atmosphere of 5% CO2 in air at 37 °C.

Treatment of 5-AZA-dC

Cells were seeded into 10 cm Petri dishes at a density of 5 × 
105 cells/well. After seeding for 24 h, the cells were treated 
with 5-AZA-dC (5-AZA-dC; Millipore Sigma, USA) for 5 and 
7 days and incubated at 37 °C in a humidified atmosphere with 
5% CO2. Cells were collected and preserved at -80 °C for sub-
sequent examination.

Quantitative reverse transcription polymerase chain reac-
tion (qRT-PCR)

The cells were collected, and RNA was extracted using a 
Rneasy Mini Kit (Qiagen, Germany) according to the manu-
facturer’s instructions. RNA samples were quantified using 
NanoDrop® 2000 (Thermo Fisher Scientific Inc., Carlsbad, 
CA, USA) and were then stored at -80 °C for subsequent qRT-
PCR analysis. The RNA was reverse transcribed into cDNA 
using the SuperScript™ First-Strand Synthesis SuperMix Kit 
(Invitrogen; Thermo Fisher Scientific, Inc.). The qRT-PCR of 
COX-2 was performed using iQ™ SYBR® Green SuperMix 
(Bio-Rad Laboratories Inc., USA) in a total 20 µL volume in a 
BioRad iCycler iQ™ Real-Time Detection System according 
to the manufacturer’s instructions. The primers used for the 
detection of COX-2, p53, myc, snail, and β-actin were listed 
in Table 1, and the sequences of primers were obtained from 

Table 1.  The Sequences of Primers Used in This Study for 
qRT-PCR

Gene Primer sequence 5′→3′
COX-2 Forward: GTTGGA GCACCATTCTCCTTG

Reverse: AGCCCTTCACGTTATTGCAGA
Snail Forward: TGCCCTCAAGATGCACATCCGA

Reverse: GGGACAGGAGAAGGGCTTCTC
Zeb1 Forward: GGCATACACCTACTCAACTACGG

Reverse: TGGGCGGTGTAGAATCAGAGTC
p53 Forward: CCTCAGCATCTTATCCGAGTGG

Reverse: TGGATGGTGGTACAGTCAGAGC
Myc Forward: CCTGGTGCTCCATGAGGAGAC

Reverse: CAGACTCTGACCTTTTGCCAGG
β-actin Forward: CACCATTGGCAATGAGCGGTTC

Reverse: AGGTCTTTGCGGATGTCCACGT

COX-2: clooxygenase-2; qRT-PCR: quantitative reverse transcription 
polymerase chain reaction.
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the sequences of qSTAR qPCR primers (Origene, USA). The 
qRT-PCR reactions were performed in triplicate, and β-actin 
was used as an internal control.

Western blot analysis

Cells were lysed on ice for 10 min using PRO-PREPTM pro-
tein extraction solution (iNtRON Biotechnology Inc., Korea). 
Proteins were quantified by the Bradford method using spec-
trophotometry (NanoDrop Technology Inc.; Thermo Fisher Sci-
entific Inc., Carlsbad, CA, USA). Fifty micrograms of protein 
samples were separated using a 12% SDS-PAGE which were 
subsequently transferred to a polyvinylidene fluoride membrane 
(Merck Millipore, USA). Membranes were blocked with tris-
buffered saline containing 0.05% Tween-20 (TBST) and 5% 
non-fat milk at room temperature for 1 h and then probed with 
the following primary antibodies: COX-2 (1:1,000; Cell Signal-
ing Technology Cat# 12282, RRID:AB_2571729) and β-actin 
(1:5,000; Sigma-Aldrich Cat# A5316, RRID:AB_476743) for 
2 h at room temperature. After washing with TBST buffer, the 
membranes were incubated with secondary antibodies (1:5,000; 
Millipore Cat# AP307P, RRID:AB_11212848; Millipore Cat# 
AP308P, RRID:AB_11215796, International, Inc.) for 1 h. Blots 
were visualized using an ECL system (Merck Millipore, USA) 
and analysed using the UVP ChemStudio Plus Touch (Analytik 
Jena US, Germany). ImageJ (ver. 1.53k, RRID:SCR_003070) 
was used to quantify the density of bands.

Bisulfite sequencing

Bisulfite sequencing of prostate cell lines was performed ac-
cording to the method of research in gastric carcinoma cells 
[22]. The CpG island was divided into five regions (A-E). 
Genomic DNA (2 µg) obtained from each prostate cell line 
was treated with sodium bisulphite (Millipore Sigma, USA), 
and the COX-2 promoter region (A-E) was subsequently am-
plified using the primers listed in Table 2. PCR products were 

purified using the QIAquick® Gel Extraction Kit (Qiagen, 
Germany) and cloned into a TA cloning vector (Invitrogen, 
Carlsbad, CA). Sequences of individual plasmid clones were 
determined by Sanger sequencing.

Morphology and cell proliferation

The morphology of DU145 or LNCaP cells with/without 10 
µM 5-AZA-dC treatment was examined and photographed by 
inverted microscope (ZEISS Axio Vert.A1, Germany). Cells (1 
× 103) were seeded into 96-well plates (Corning, Corning Inc., 
NY, USA) with complete media containing 10 µM 5-AZA-dC or 
dimethylsulfoxide (DMSO) for 120 h, and the cell proliferation 
assay was examined by Cell Counting Kit-8 (CCK-8; Sigma-
Aldrich; Merck KgaA, Darmstadt, Germany) according to the 
manufacturer’s instructions. Absorbance of each well was meas-
ured at 450 nm with an ultra-microplate reader (SpectraMax® 
ABS Plus, Molecular Devices, USA). The viability of the cells 
was measured in triplicate wells every time points for 120 h.

Cell migration assay

The cell migration assay was performed to add the cells di-
rectly to the Transwell® Permeable Support 8 µm PolyCarbon-
ate Membrane in a 24-well plate (Corning). The cells at the 
bottom of the membrane were fixed in methanol and stained 
by Giemsa staining. Cells in at least four randomly selected 
microscopic fields (× 400) were counted. Each experiment was 
done in triplicate.

Analysis of cell cycle

DU145 cells (5 × 105) or LNCaP cells were seeded in six-well 
plates with complete media containing 10 µM 5-AZA-dC or 
DMSO for 72 h. Cells (1 × 106) were harvested and washed 
in ice cold phosphate-buffered saline (PBS) twice. Cells were 
fixed in 70% ethanol at -20 °C for at least 30 min, then washed 
with ice cold PBS once. Cells were resuspended in permea-
bilizing buffer (0.5% Triton X-100 and 200 µg/mL Rnase in 
PBS) and incubated at 37 °C for 1 h. Propidium iodide were 
added to samples (50 µg/mL) and incubated at room tempera-
ture for additional 10 min. The cell cycle status was analyzed 
using a flow cytometer (BD LSRFortessa™ Cell Analyzer, 
USA), and the cell cycle distribution was obtained from cell 
DNA content analysis by using FlowJo software (ver. 10.4.0, 
RRID:SCR_008520).

Statistical analysis

All assays were performed in triplicate, and results were repre-
sented as mean ± standard deviation (SD). Two-tailed unpaired 
Student’s t-test was used to compare two groups. The P < 0.05 
was considered to indicate a statistical significance.

In our study, we only use prostate cell lines as study mod-

Table 2.  The Sequences of Primers Used in Bisulfite Sequenc-
ing

Region Primer sequence 5′→3′
COX2-A A1: TGTATATTGAAGGTAGTTATTTTAT

A2: AAACACTTAACTTCCTCTCCAA
COX2-B B1: TTGGAGAGGAAGTTAAGTGTTT

B2: ATCCCCACTCTCCTATCTAAT
COX2-C C1: ATTAGATAGGAGAGTGGGGAT

C2: TCTAAAAAC(A/G)TCTAACTATAAAACT
COX2-D D1: AAGTGAG(C/T)GTTAGGAGTA(C/T)GTT

D2: ACCAAATACTCACCTATATAACT
COX2-E E1: AGTTATATAGGTGAGTATTTGG(C/T)

E2: CTAACTCATAATAATCAATACTTAT

COX-2: clooxygenase-2.
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el, and there are no experiments included human/animal study. 
Our experiments in this study do not need Institutional Review 
Board Approval or ethical compliance.

Results

Higher expression of COX-2 in androgen-dependent LN-
CaP cells than that in androgen-independent DU145 cells

We used western blotting and qRT-PCR to confirm the expres-
sion of COX-2 in prostate normal/cancer cell lines, including 
androgen-dependent and androgen-independent cell lines. The 
results revealed that the expression of COX-2 in androgen-de-
pendent LNCaP cells was 4.33-fold higher than that in andro-
gen-independent DU145 cells (Fig. 1). To investigate whether 
the expression of COX-2 was regulated by the methylation sta-
tus of the 5′ CpG island, we treated LNCaP and DU145 cells 
with the DNA methylation inhibitor, 5-AZA-dC (10 µM) and 
determined COX-2 expression in the treated cells by western 
blotting and qRT-PCR. The results showed that COX-2 expres-
sion in DU145 cells was elevated significantly but that in LN-
CaP cells were similar after 5-AZA-dC treatment (Fig. 2). Tak-
en together, expression of COX-2 was low in DU145 cells, but 
expression of COX-2 was elevated after 5-AZA-dC treatment; 
expression of COX-2 was high in LNCaP cells, but expression 
of COX-2 was not induced after 5-AZA-dC treatment. This 
suggests that the expression of COX-2 in androgen-dependent 
and androgen-independent prostate cancer cells is regulated by 
different mechanisms.

Different methylation sites, in COX-2 CpG island, regulate 
COX-2 expression in androgen-dependent and androgen-
independent prostate cancer cells

The aberrant methylation of the specific CpG island of the 
promoter is related to the expression of COX-2 in human gas-
tric carcinoma cells [24]. To investigate the methylation of 
the 5′ CpG island of the COX-2 gene in androgen-dependent 
and androgen-independent prostate cancer cell, we treated 
the LNCaP and DU145 cells with 5-AZA-dC to inhibit their 
methylation. Bisulfite sequencing was performed to study the 
methylation sites in treated or untreated cells. The CpG island 
of COX-2 was divided into five regions (A to E), where A to 
C and E regions corresponded to the COX-2 promoter and D 
regions corresponded to exon 1 of the COX-2 gene (Fig. 3a) 
[23]. After 5-AZA-dC treatment of DU145 cells, the A and C 
regions of the COX-2 CpG island exhibited reduced methyla-
tion along with an increased expression of COX-2 were noted 
(Fig. 3b). Although 5-AZA-dC treatment of LNCaP cells re-
vealed demethylation of the B and D regions of the COX-2 
CpG island, the expression of COX-2 showed a slight increase 
(Fig. 3b). Hence, the expression of COX-2 was regulated not 
only by methylation of the 5′ CpG island of its promoter, but 
also by AR-related pathways in prostate cancer cell lines.

5-AZA-dC inhibits cell proliferation in DU145 and LN-
CaP cells

The cellular morphology of DU145 and LNCaP cells with or 

Figure 1. Expression of COX-2 in prostate normal/cancer cell lines. The protein expression of in DU145 and LNCaP cell was 
detect by western blotting (a) and the transcript expression was detected by qRT-PCR (b). ImageJ (version 1.53k) was used to 
quantify the density of bands in western blotting. The numbers under the bands indicate the relative expression, which normal-
ized by the expression of β-actin. Experiments were performed in triplicate and repeated three times with similar results. All P 
values were determined by a two-tailed unpaired Student’s t-test (*P < 0.05; **P < 0.01; ***P < 0.001). COX-2: clooxygenase-2; 
qRT-PCR: quantitative reverse transcription polymerase chain reaction.
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without 10 µM 5-AZA-dC treatment in indicated time points, 
0 h, 48 h and 96 h, did not show any significant difference 
(Fig. 4a, b). To investigate the effects of 5-AZA-dC to the abil-
ity of proliferation in prostate cancer cells, the proliferation 
of the DU145 and LNCaP cells treated or untreated with 10 
µM 5-AZA-dC for 120 h was examined by the CCK-8 assay. 
The results showed that the 5-AZA treatment inhibit the cell 
viability of DU145 and LNCaP cells significantly (Fig. 4c, d).

5-AZA-dC inhibits cell migration in DU145 and LNCaP 
cells

The influence of 5-AZA-dC on the migration of DU145 and 
LNCaP cells was investigated by using a Transwell® system. 
Compared with the control DU145 cells, the cell migration of 
the DU145 cells with 5-AZA-dC treatment was significantly 
decreased (Fig. 5a up). In addition, compared with the con-

trol LNCaP cells, the cell migration of the LNCaP cells with 
5-AZA-dC treatment was only slightly decreased (Fig. 5a 
down). The cell migration of the DU145 or LNCaP cells with 
or without 5-AZA-dC treatment was summarized and ana-
lyzed statistically (Fig. 5b).

5-AZA-dC affects cell cycle process in DU145 and LNCaP 
cells

To explore the effects of 5-AZA-dC on the cell cycle process, 
DU145 and LNCaP cells were treated with 10 µM of 5-AZA-
dC for 72 h, and DNA of cells was stained with PI. Then, DNA 
contents in different cells were examined using flow cytom-
etry assay, and cell cycle process of the cells was analyzed 
by FlowJo software. The results showed that treatment with 
5-AZA-dC markedly increased the accumulation of cells at the 
Sub-G1 phase from 25.8% to 50.5% in LNCaP cells especially 

Figure 2. The expression of COX-2 in the DU145 and LNCaP cell with 5-AZA-dC treatment. DU145 and LNCaP cell were treated 
with 10 µM 5-AZA-dC for 1 and 4 days. The expression of COX-2 in treated cells were detected by western blotting (a, c) and 
qRT-PCR (b, d). SNAIL and ZEB1 were positive control of 5-AZA-dC treatment in DU145 cell. p53 and MYC were positive control 
and negative control of 5-AZA-dC treatment in LNCaP cell, respectively. ImageJ (version 1.53k) was used to quantify the den-
sity of bands in western blotting. The numbers under the bands indicate the relative expression, which was normalized by the 
expression of β-actin. Experiments were performed in triplicate and repeated three times with similar results. All P values were 
determined by a two-tailed unpaired Student’s t-test (*P < 0.05; **P < 0.01; ***P < 0.001). COX-2: clooxygenase-2; qRT-PCR: 
quantitative reverse transcription polymerase chain reaction; 5-AZA-dC: 5-aza-2′-deoxycytidine; DMSO: dimethylsulfoxide.
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(Fig. 6a). Also, treatment with 5-AZA induced DU145 cells 
from G1 phase to G2/M phase, with G1 phase from 82.1% to 
57.8% and G2/M phase from 6.41% to 26.5%, which blocked 
the cell cycle progression at G2/M phase (Fig. 6a). Our data re-
vealed that the treatment of 5-AZA-dC affected cell cycle pro-
cess in DU145 and LNCaP cells in different manners (Fig. 6).

Discussion

In the present study, the results revealed the expression of 
COX-2 in androgen-dependent LNCaP cells higher than that 
in DU145 cells (androgen-independent). The expression of 
COX-2 did not correspond to the methylation status of the 5′ 
CpG island of the COX-2 promoter (Figs. 1, 3b), with LNCaP 
and DU145 cells exhibiting methylation percentages of 74.5% 
and 56.8%, respectively. However, it is noteworthy that differ-
ent regions of the 5′ CpG island were methylated in these two 
cells. This indicates that the COX-2 expression is under the 
regulation of both the CpG island methylation status as well as 

other regulatory factors.
Till date, the regulation of COX-2 in cancer is not fully 

understood. Some studies have reported the involvement of 
transcription factors in the activation of COX-2 expression, 
including the nuclear factor-κB (NF-κB) [20, 25, 26], specific-
ity protein-1 (Sp1) [27], cyclic AMP response element bind-
ing protein (CREB), erythroblast transformation-specific (Ets) 
family members Ets-1 and Elk-1 [28], nuclear factor of acti-
vated T cells (NF-AT1/2) [29] and p53 [30]. In addition, some 
methylated CpG sites of NF-IL6 and exon 1 are related to the 
expression of COX-2 [23, 31, 32]. Xu et al (2007) reported 
that epidermal growth factor receptor (EGFR) activation can 
transcriptionally activate COX-2 expression via p38 mitogen-
activated protein kinase (p38-MAPK) and Sp1/Sp3 [27, 33]. 
Moreover, Jia et al (2008) reported that activation of EGFR in-
duced expression through the PI-3K/AKT and/or p38-MAPK 
pathways in androgen-independent prostate cancer. Their re-
sults showed that both p38-MAPK and PI-3K/AKT pathways 
were involved in COX-2 upregulation in PC-3 cells, but only 
the p38-MAPK pathway was associated with COX-2 upregula-

Figure 3. The methylation status of CpG islands at COX-2 promoter (-672 to +392) in prostate cancer cells. Schematic represen-
tation of the CpG islands (a). Horizontal bars indicate the location of CpG sites. CpG island was divided into five regions (A - E) 
defined by the specific primer sets used for PCR amplification (Table 2). The approximate locations and directions of the primers 
for each region are indicated by arrows denoted according to the segments to be amplified. The methylated sites of DU145 and 
LNCaP cell were detected by bisulfite sequencing (b). Each row of circles represents a single plasmid cloned and sequenced 
from PCR products generated from amplification of bisulfite-treated DNA. ○: unmethylated cytosines; •: methylated cytosines. 
The percentage of methylation rate is indicated below. COX-2: clooxygenase-2; PCR: polymerase chain reaction; 5-AZA-dC: 
5-aza-2′-deoxycytidine.
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tion in DU145 cells [34]. These results revealed that the regu-
latory mechanisms of expression are complicated, and cell- 
and context-dependent [35]. In our results, LNCaP and DU145 
cells treated with 5-AZA-dC, showed that COX-2 expression 
in the androgen-independent prostate cancer cell line DU145 
was elevated significantly but in the androgen-dependent 

prostate cancer cell line LNCaP there was no change (Fig. 2). 
5-AZA-dC treatment of DU145 cells reduced the methylation 
status of the A and C regions of the COX-2 CpG island and in-
creased the expression of COX-2. Although 5-AZA-dC treat-
ment of LNCaP cells revealed demethylation of the B and D 
regions of the COX-2 CpG island, along with a minor increase 

Figure 4. The cellular morphology and cell proliferation of DU145 and LNCaP cells treated/untreated with 10 µM 5-AZA-dC. Cells 
(1 × 103 cells) were seeded into a well of a standard 96-well plate and grown for 120 h in normal serum medium with/without 10 
µM 5-AZA-dC. The cellular morphology of the cells was showed at indicated time point (a and b). The proliferation of the cells was 
measured by CCK-8 for 120 h (c and d). The data were presented as the mean ± SD of three independent experiments. CCK-8: 
Cell Counting Kit-8; 5-AZA-dC: 5-aza-2′-deoxycytidine; SD: standard deviation.

Figure 5. Migration assay of DU145 and LNCaP cells with/without 5-AZA-dC treatment. Transwell® assay was performed to assess 
the cell migration ability of DU145 and LNCaP cells with/without 10 µM 5-AZA-dC treatment. Cells were seeded into a transwell, 
and then cultured for indicated time point. Migrated cells were visualized by Giemsa staining. All P values were determined by a two-
tailed unpaired Student’s t-test (*P < 0.05; **P < 0.01; ***P < 0.001). 5-AZA-dC: 5-aza-2′-deoxycytidine; DMSO: dimethylsulfoxide.
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in the expression of COX-2 (Figs. 2, 3b). This is in alignment 
with other reports in the literature and suggests that COX-2 
expression is under complex regulation of methylation status 
as well as other factors.

Song et al (2001) reported trans-activator binding sites, 
such as Sp1, NF-κB, NF-IL6, and CRE in the COX-2 gene 
promoter region (Fig. 3a) [22]. Other cis-acting elements are 
known to mediate cytokine-mediated promoter activity in the 
COX-2 gene, and most of them are in regions A and C of the 
CpG island of COX-2 promoter. Furthermore, there were two 
putative AR binding sites in region A of the COX-2 promoter. 
Taken together, we hypothesize that the methylation status of 
regions A and C is related to COX-2 expression in the pros-
tate cancer cells. Toyota et al (2000) and Kikuchi et al (2002) 
reported that COX-2 expression was repressed by aberrant 
methylation of the exon 1 coding region of the COX-2 gene 
[23, 32]. Exon 1 was involved in region D of the COX-2 CpG 
island as per our study. However, the demethylation of regions 
B and D in the COX-2 gene in LNCaP did not restore the ex-
pression of COX-2 (Figs. 2, 3b). Hence, the mechanism by 

which different methylation regions of COX-2 CpG islands 
regulate the expression of COX-2 in prostate cancer should be 
further explored.

Our data revealed that the treatment of 5-AZA-dC inhibit-
ed the cell proliferation and ability of migration (Figs. 4, 5) and 
affected cell cycle process in the DU145 and LNCaP cells (Fig. 
6). These results were consistent with the findings of Cheng et 
al [36]. We will investigate the functions of DNMT inhibitor in 
prostate cancer by using in vivo models in the future.

Conclusions

The expression of COX-2 was higher in androgen-dependent 
prostate cancer cells than in androgen-independent prostate 
cancer cells. Furthermore, the methylation of COX-2 CpG is-
land in androgen-dependent prostate cancer cells may involve 
other methyl-CpG-binding proteins and factors in COX-2 gene 
regulation. Our results reveal that AR-dependent/independent 
prostate cancer cell lines exhibit different regulation of meth-

Figure 6. 5-AZA-dC affected the cell cycle process in DU145 and LNCaP cells. DU145 and LNCaP cells were treated with 10 µM 
5-AZA-dC for 72 h. The cells were harvested, and the cell cycle status was analyzed by flow cytometry assay (a). The distribu-
tion of cell cycle in DU145 and LNCaP cells was summarized (b). 5-AZA-dC: 5-aza-2′-deoxycytidine; DMSO: dimethylsulfoxide.
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ylation in genes that regulate gene expression. In addition, the 
treatment of 5-AZA-dC inhibited the cell proliferation and cell 
migration and affected cell cycle process in the prostate cancer 
cells. Therefore, the role of methylation and its relationship 
with prostate cancer should be explored in more details in the 
future, to obtain new insights into our understanding of the 
pathogenesis of prostate cancer thereby facilitating the devel-
opment of novel therapeutic treatments.
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