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Purpose: Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is a promising cancer therapeutic agent because of
its tumor selectivity and its ability to induce apoptosis in cancer cells while sparing most normal cells. We evaluated whether
docetaxel enhances TRAIL-mediated apoptosis in prostate cancer (PCa) cells and its mechanism.

Materials and Methods: LNCap-LN3, PC3, and DU 145 PCa cell lines were used to investigate the effects of TRAIL with
docetaxel treatment (dosages, 1, 3, 5, and 10 nmol). To evaluate the mechanism, death receptor 4 (DR4), DR5, enhancer of
zeste homolog 2 (EZH2) and E2F1 levels were assessed in PCa cells.

Results: Hormone-sensitive LNCap-LN3 showed apoptosis in proportion to the concentration of docetaxel. Castration-resis-
tant PC3 and DU 145 showed no change irrespective of the docetaxel concentration. However, combinations of docetaxel (2
nM) and TRAIL (100 ng/mL) had a significant effect on apoptosis of DU 145 cells. In DU 145 cells, docetaxel reduced EZH2
and elevated expression of DR4. The decrease of EZH2 by docetaxel was correlated with the E2F1 level, which was consid-
ered as the promoter of EZH2. DZNep reduced EZH2 and elevated DR4 in all PCa cells. Additionally, DZNep-enhanced
TRAIL mediated reduction of PCa cell viability.

Conclusions: Docetaxel and the EZH2 inhibitor reduced EZH2 and elevated expression of DR4 in all PCa cell lines.
Docetaxel-enhanced TRAIL mediated apoptosis in PCa via elevation of DR4 through epigenetic regulation by EZH2. To im-
prove the efficacy of TRAIL for PCa treatment, adding docetaxel or EZH2 inhibitors to TRAIL may be promising.
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INTRODUCTION

Prostate cancer (PCa) is the second most lethal dis-
ease for men in Western countries [1]. PCa rates have
sharply increased in men aged 50 to 64 years with an
annual change between 5% and 15% in 24 countries [2].
In as many as 10% to 50% of men with PCa, the disease
will ultimately progress to an androgen independent
castration-resistant prostate cancer (CRPCa) status and
spread to the lymph nodes in the pelvic area and bone
[3]. Docetaxel (DOC), which was approved in 2014 to
treat metastatic CRPCa, has significantly improved pa-
tients’ survival and become the standard treatment [4,5].
However, the main issues with DOC are that approxi-
mately half of the cases respond, and half are resistant
to DOC and patients who initially respond eventually
develop resistance [6,7]. Antiandrogen synthesis thera-
py and anti-androgen receptors are currently used, but
patients with CRPCa will eventually develop resistance
to these therapies [8]. Therefore, finding a novel thera-
py for CRPCa is of major scientific and clinical interest
to enhance and overcome the treatment limitation of
DOC.

Tumor necrosis factor-related apoptosis-inducing li-
gand (TRAIL) is a promising cancer therapeutic agent
because of its tumor selectivity. The advantage of
TRAIL is that it induces apoptosis in cancer cells but
spares most normal cells. It has been suggested that
taxanes including DOC sensitize PCa cells to TRAIL-
induced apoptosis [9-11]. As one important enzymatic
subunit of polycomb-repressive complex 2 (PRC2), en-
hancer of zeste homolog 2 (EZH2) methylates lysine
27 of histone H3 to promote transcriptional silencing
[12,13]. Elevated EZH2 expression is correlated with
the development of CRPCa and resistance to DOC,
although the mechanisms by which EZH2 causes PCa
development is still elusive [14-16]. Thus, it is necessary
to confirm the relationship of EZH2 with TRAIL in
PCa cells resistant to DOC.

Therefore, the purpose of this study is to determine
whether there is a relationship between EZH2 expres-
sion and TRAIL-induced apoptosis, and to identify
relevant mediators. We hypothesized that TRAIL ef-
fectively induces apoptosis in cells with high EZH2 ex-
pression.
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MATERIALS AND METHODS

1. Ethics statement

This study was approved by the Institutional Review
Board (IRB) and ethics committee of Ulsan University
Hospital (IRB number: NON2021-006). All animal ex-
periments were performed in accordance with proce-
dures approved by the Institute of Laboratory Animal
Resources, University of Ulsan (Ethical code number:
032-01 [A1-0]).

2. Reagents

DOC (sanofi-aventis U.S. LLC, Bridgewater, NdJ, USA),
DZNep (Selleckchem, Houston, TX, USA), tazemetostat
(Selleckchem), and human recombinant TRAIL (Sigma-
Aldrich, St. Louis, MO, USA) were used at indicated con-
centrations.

3. Cell culture

PCa cell lines PC3, DU 145, and LNCaP were pur-
chased from the Korean cell line bank. The PC3 and
DU 145 cell lines were cultured in RPMI-1640 (WEL-
GENE, Gyeongsan, Korea), and the LNCaP cell line
was cultured in Eagle’s minimum essential medium
(WELGENE), each supplemented with 10% fetal bovine
serum (Invitrogen, Carlsbad, CA, USA) and 1% penicil-
lin/streptomycin (Invitrogen). Cells were cultured at
37°C in a humidified chamber containing 5% carbon
dioxide.

4. Viability assay

At the indicated times, the CellTiter 96° Aqueous
One Solution Reagent (Promega, Madison, WI, USA)
was added to each well according to the manufacturer’s
instructions. Then, absorbance at 490 nm (OD490) was
determined for each well using the Wallac Vector 1420
Multilabel Counter (EG&G Wallac, Turku, Finland).

5. Apoptosis by Annexin V/propidium iodide

analysis

Human PCa cells were seeded on a 60 mm dish, and
incubated with TRAIL (100 ng/mL) and DOC (2 nM)
for 24 hours, washed twice with ice-cold phosphate
buffered saline (pH 7.0), and then resuspended in
binding buffer (500 uL). Subsequently, 5 uLi of FITC-
Annexin V was added to 5 uL: of propidium iodide (PI)
and then incubated for 15 minutes at room tempera-
ture in the dark. The sample was analyzed using a flu-
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orescence-activated flow cytometer (FACScan; Becton
Dickinson, Franklin Lakes, NdJ, USA).

6. Western blot analysis and small interfering

RNA transfection

Total protein was extracted using a RIPA buffer
containing proteases and phosphatase inhibitors (Ther-
mo Fisher Scientific, Waltham, MA, USA), and protein
concentration was determined using the Bradford
protein assay kit (Bio-Rad Laboratories, Hercules, CA,
USA). Proteins were separated by electrophoresis on a
10% to 13% SDS polyacrylamide gel, and transferred to
a nitrocellulose membrane (Amersham International,
Little Chalfont, UK). Membranes were blocked with
5% bovine serum albumin (BSA; bioWORLD, Dublin,
OH, USA) in Tris-buffered saline with tween®20 (TBST:
Tech and Innovation, Chuncheon, Korea) for 1 hour
at room temperature. Membranes were subsequently
washed with TBST and incubated with primary anti-
bodies to EZH2 (ab3748; Abcam, Cambridge, UK), death
receptor 4 (DR4) (ab8414; Abcam), DR5 (ab47179; Ab-
cam), phosphor-Rb (#9308; Cell Signaling, Danvers, MA,
USA), Rb (#9309, Cell Signaling), E2F1 (sc-251; Santa
Cruz Biotechnology, Santa Cruz, CA, USA), and B-actin
(sc-47778; Sigma-Aldrich) and diluted in 5% BSA/TBST
overnight at 4°C. Membranes were washed with TBST.
The secondary antibody (anti-mouse or anti-rabbit im-
munoglobulin (IgG) HRP conjugate; Bethyl Laborato-
ries, Montgomery, TX, USA) was diluted 2,000-fold in
TBST and applied to cells for 1 hour. After washing
the cells with TBST, the specific binding of antibodies
was detected using an ECL kit (Thermo Fisher Sci-
entific), following the manufacturer’s protocol. Small
interfering RNA (siRNA) against human E2F1 (siE2F1)
(s¢-29297) and control siRNA (scRNA) (sc-37007) were
purchased from Santa Cruz Biotechnology. DU145 cells
(L5 or 3x10°) were transfected with each siRNA using
Lipofectamine™ RNAIMAX (Invitrogen).

7. Neutralization of the DR4 receptor

TRAIL receptor inhibitors (neutralizing antibodies)
and anti-human DR4 (ALX-804-297A; Enzo Life Sci-
ences, Farmingdale, NY, USA) were always added 1
hour before the addition of TRAIL.

8. Methylation-specific polymerase chain
reaction for DR4
Genomic DNA was isolated from cell lines using
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standard procedures. One microgram of genomic DNA
was treated with sodium bisulfite using the EpiTect
Bisulfite kit (Qiagen, Valencia, CA, USA). This treat-
ment converts all unmethylated cytosines into uracil.
In the subsequent methylation-specific polymerase
chain reaction (MSP), all of the uracils become thy-
midines. Polymerase chain reaction (PCR) requires
primer pairs that specifically recognize methylated or
unmethylated sequences. These primers were designed
in the 5’untranslated region CpG island of the pub-
lished sequences. The primer sequences were as follows
(5- to -3’): DR4, CCC CTT TTC AAA ACA CCT ACA
(unmethylated sense), CCT TTT CGA AAC ACC TAC
GAC (methylated sense), GAA AGG TTG GGT TAA
TTT TTG ATT (unmethylated antisense), and AAA
GGT TGA GGT TAA TTT TCG ATC (methylated an-
tisense). PCR amplification was performed using the
EpiTect MSP kit (Qiagen). Thermal cycling conditions
were as follows: 1 cycle at 95°C for 10 minutes; 35 cycles
at 94°C for 15seconds, 60°C for 1 minute, and 72°C for
30seconds; and 1 cycle at 72°C for 10 minutes. Each
PCR (10 uL) was directly loaded onto 2% agarose gels
stained with ethidium bromide (0.5 pg/mL) and directly
visualized under ultraviolet light.

9. Chromatin immunoprecipitation assays

Chromatin immunoprecipitation (ChIP) assays
were performed using the Pierce™ Agarose ChIP Kit
(Thermo Fisher Scientific). PCa cells were treated with
formaldehyde and incubated to generate DNA—protein
cross-linking. Then, cell lysates generated chromatin
fragments and immunoprecipitated with antibodies
(histone deacetylase and IgG antibodies as the con-
trol). Precipitated chromatin DNA was recovered and
analyzed by real-time PCR. The PCR primers were as
follows: DR4: sense, 5-TGG TTG AGG AAC AGA AGC
TGA GA-3 and anti-sense, 5-GGC TCC TGT TGG CTA
ACC CT-3" and DR5: sense, 5-GCG CGG ACA GGA
CCC AGA AA-3 and anti-sense, 5-ATC CTC CGC AAG
CGC GTC CAA-3.

10. Antitumor activity in the xenograft model

DU 145 cells were injected into the flank of 6-week-
old nude (nu/nu) mice (Orient Bio, Seongnam, Korea).
Prior to treatment with TRAIL and DZNep, the tumor
size was measured two to three times per week until
the volume reached approximately 100 mm®. The tumor
volume was calculated as W*xLix052, where L is the
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largest diameter and W is the diameter perpendicular
to L. After establishment of these tumor xenografts,
mice were randomized into four groups of five mice
per group. Mice were fed ad libitum and maintained in
environments with a controlled temperature of 22°C to
24°C and 12-hour light and dark cycles. TRAIL (5 mg/
kg) and DZNep (2 mg/kg) were administered twice per
week, and an intra-tumoral injection was given as a
2-week treatment.

11. Statistical analysis

Data are expressed as mean and standard devia-
tion. Group differences were determined using the
Student t-test or Mann—Whitney U test. All statistical
analyses and calculations were performed using Excel
spreadsheets (Microsoft Corp., Redmond, WA, USA) and
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GraphPad Prism, version 5 (GraphPad Software, San
Diego, CA, USA). All statistical tests were two-sided, and
p-values <0.05 were considered statistically significant.

RESULTS

1. A combination of low-dose DOC and
TRAIL had a significant effect on apoptosis

through DR4

Hormone-sensitive LNCap-LN3 cells showed apop-
tosis in proportion to the concentration of DOC (Fig.
1A). Additionally, castration-resistant PC3 and DU 145
cells showed no change of cell viability irrespective
of the DOC concentration. However, a combination of
low-dose DOC (2 nmol) and TRAIL (100 ng/mL) had a
significant effect on apoptosis of DU 145 cells, although

A B C
PI“ o Control o  TRAIL 100 ng/mL
o o
Bl DU 145 DU 145 8 095 S
[ Pc3 [ LNCaP-LN3 - -
[] LNCaP-LN3 - 1% T
I3 &
- -
***n<0.0002 * = -
151 P 15 *10<0.0001 i
o o
D o ns
Br E . |
o 1.0 © 1.0+ 1,0000 1,0000
> > FL1-H FL1-H
5 0.5 4 e 05 o Docetaxel 2 nM o Combination
-2 . = . S = [
= = i 152 2.68 23 11 14.08
(@) (&)
0+ 0 - T T T T gk T
N C q«’;‘, g
Q N qfs‘ & 5 z z
o 9 N & N
¢ o 2 N o
o O £
&£ v o 0.02 1.02
FLF
1,0000 1,0000
FL1-H FL1-H
DU 145 Annexin V
D & E F Il Docetaxel
“ S 1.5+ [ DR4 antagonist Ab
R dg = p<0.0002 oot g :
) S +docetaxe
LR - 2 5 Docetaxel (M) & L
< 8 10- #*+p<0,0006
N . EZH? e e s | EZH2 >
o 3
o[ — - DR4 S || s S8  DR4 2 05+
= K
. A ) o
w— s DR5 S B e | B-actin 04
. DU 145 Control TRAIL
" s s | B-actin 100 ng/mL

Fig. 1. Cell viability assay in prostate cancer cell lines after docetaxel and TRAIL treatment. Cells are exposed for 24 hours, and cell viability is deter-
mined using the MTT assay (A, B). Flow cytometry analysis of DU 145 shows that a combination of docetaxel 2 nM and TRAIL 100 ng/mL increases
the proportion of Annexin V(+)/PI(+) (C). The expressions of EZH2 and DR4 in prostate cancer cell lines are shown. A WB assay is performed with
specific antibodies against EZH2, DR4, DR5, and B-actin (D). After docetaxel treatment for 24 hours, the EZH2 level is decreased and the DR4 level
is increased in DU 145 cells (E). The cell viability test is performed with a combination of docetaxel and TRAIL with or without the DR4 antagonist
antibody (F). DR4: death receptor 4, DR5: death receptor 5, EZH2: enhancer of zeste homolog 2, ns: not significant, Pl: propidium iodide, TRAIL:
tumor necrosis factor-related apoptosis-inducing ligand, WB: western blot. ***p<0.001.
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TRAIL (100 ng/mL) alone did not (Fig. 1B). Flow cy-
tometry analysis of DU 145 shows that a combination
of DOC 2 nM and TRAIL 100 ng/mL increases the pro-
portion of Annexin V(+)/PI(+) (Fig. 1C).

To investigate why DOC (2 nmol) with TRAIL (100
ng/mL) reduced cell viability in DU 145 cells, which
did not change with 10 nmol of DOC, we evaluated the
mechanism of TRAIL. TRAIL functions through DR4
or DR5 in a cascade of apoptosis, and there was a high
expression of the DR4 level only in hormone-sensitive
LNCap-LN3 cells contrary to castration-resistant PCa
cells, such as DU 145 and PC-3. Yet, there were no dif-
ferences of expression of DR5 in PCa cell lines (Fig. 1C).
LNCap-LLN3 showed a low expression of EZH2, which
is considered a marker of tumor aggressiveness in PCa,
and PC3 and DU 145 cells had a high expression of
EZH2. To confirm the relationship of EZH2 and TRAIL
function, we assessed the change of expression of EZH2
and DR4 levels after DOC treatment. The EZH2 level
showed concentration-dependent decreases, and DR4
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gradually increased after DOC treatment for 24 hours
in DU 145 cells (Fig. 1D). The combination of DOC (2
nmol) and TRAIL (100 ng/mL) significantly reduced
cell viability of DU 145 cells, although DOC alone could
not. However, treatment with the combined drugs after
blocking DR4 with the DR4 antagonist antibody could
not induce apoptosis (Fig. 1E). TRAIL was activated
through DR4, and TRAIL, which was effective by in-
creasing DR4 in response to DOC treatment, had no
effect on the two drugs when DR4 was blocked.

2. Inhibition of EZH2 increased DR4

To confirm the mechanism of EZH2 and TRAIL
function, the cell viability assay was evaluated after
a combination of TRAIL and EZH2 inhibitors, such as
DZNep or tazemetostat, were used. DZNep (2.5 pmol)
mildly reduced cell viability in PC3 and DU 145 cells
with a high EZH2 level, but it had almost no effect on
LNCap-LLN3 with a low EZH2 level (Fig. 2A). Contrary
to DZNep, TRAIL (100 ng/mL) just reduced cell vi-
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Fig. 2. Cell viability assay in prostate cancer cell lines after EZH2 inhibitors and TRAIL treatment. Cells are exposed for 48 hours. Cell viability is
determined using the MTT assay (A, B). A WB assay is performed with specific antibodies against EZH2, DR4, DR5, and B-actin in prostate cancer
cell lines (C-E). DR4: death receptor 4, DR5: death receptor 5, EZH2: enhancer of zeste homolog 2, TRAIL: tumor necrosis factor-related apoptosis-

inducing ligand, WB: western blot. *p<0.05, **p<0.01, ***p<0.001.
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ability in DR4-rich LNCap-LN3 cells. A combination of
DZNep (25 pmol) and TRAIL (100 ng/mL) significantly
reduced cell viability in all PCa cell lines. A combina-
tion of TRAIL and tazemetostat also reduced DU 145
cells in proportion to the concentration of tazemetostat
(Fig. 2B). DZNep reduced EZH2 expression and elevat-
ed expression of DR4 in all PCa cells (Fig. 2C-2E). The
expressions of EZH2, DR4, and DR5 did not change

he World Journal of
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3. When EZH2 is inhibited through E2F1
knockdown, TRAIL causes significant cell

death
EZH2 is activated by MUCI-C through E2F1 in hu-

man cancer cells [17,18]. To determine whether DOC
reduces EZH2 expression, EZH2 and E2F1 were evalu-
ated after DOC treatment. DOC treatment for 24 hours
induced concentration-dependent decreases of EZH2

with TRAIL alone in DU 145 cells. and E2F1 expression in DU 145 cells (Fig. 3A). After

using E2F1 knockdown in DU 145 cells, there were sig-
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Fig. 3. Expressions of EZH2 and E2F1 in DU 145 cells. WB assay shows decreases of EZH2 and E2F1 expressions after docetaxel treatment (A). Using
knockdown of E2F1, the expressions of E2F1 and EZH2 are decreased (B), and TRAIL (100 ng/mL) treatment causes significant cell death in siE2F-1
DU 145 cells (***p<0.001) (C). DR4: death receptor 4, DR5: death receptor 5, EZH2: enhancer of zeste homolog 2, ns: not significant, TRAIL: tumor
necrosis factor-related apoptosis-inducing ligand, WB: western blot.
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moter in LNCap-LN3 and DU 145 cells (C). After docetaxel or DZNep treatment, the relationship of EZH2 and the promoter lesion of DR4 or DR5 is
evaluated (D). ChIP: chromatin immunoprecipitation, DR4: death receptor 4, DR5: death receptor 5, EZH2: enhancer of zeste homolog 2, IgG: im-
munoglobulin G, MSP: methylation-specific polymerase chain reaction, ns: not significant, PCR: polymerase chain reaction. *p<0.05, **p<0.01.
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nificant reductions of expressions of not only E2F1 but
also EZH2 (Fig. 3B). Additionally, there was significant
cell death after use of TRAIL (100 ng/mL) in DU 145
cells with siE2F1 (Fig. 3C). Down regulation of E2F1
deactivated EZH2 and had the same effect as EZH2
inhibitors, such as DZNep or tazemetostat.

4. DOC or EZH2 inhibitor restored DR4 gene

expression through demethylation

To determine why DR4 expression is low and what
the gene methylation state is in castration-resistant DU
145 cells, MSP analysis was performed, and we com-
pared castration-resistant DU 145 cells with hormone-
sensitive LNCap-LN3 cells with a high DR4 level.
LNCap-LN3 cells had entirely unmethylated DR4, and
DU 145 cells showed both methylated and unmethylated
DR4 (Fig. 4A). This finding means that gene activation
of DR4 decreased and that DR4 in DU 145 cells did not
function normally. After DOC or DZNep treatment for
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24 hours, gene expression of DR4 recovered from the
methylated to unmethylated form (Fig. 4B). Therefore,
after DOC or DZNep treatment, expression of DR4 in-
creased in DU 145 cells, and TRAIL combined with one
of those treatments could induce apoptotic activity (Fig.
1, 2). To evaluate how much EZH2 is combined with
the promoter lesion of the DR4 gene, a ChIP assay was
performed. The EZH2 level in the promoter of the DR4
gene was also significantly lower with DZNep (25 umol)
treatment for 24 hours than that without in DU 145
cells (p<0.025). However, there was no difference in the
EZH2 level with and without DZNep in the promoter of
the DR5 gene in DU 145 cells (Fig. 4C). The EZH2 level
in DU 145 cells was significantly higher than that in
LNCap-LN3 cells (Fig. 4D). After DOC (2 nmol) treat-
ment for 24 hours, the EZH2 level in the promoter of
the DR4 gene was significantly lower than that without
DOC in DU 145 cells.
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Fig. 5. Xenograft model. The combination of DZNep (2 mg/kg) and TRAIL (0.2 mg/mL) significantly decreases the tumor size compared to each
treatment alone and the control (A). There are no differences in body weight between the four groups (B). After 4 weeks, the tumors are ex-
tracted and size and weight are evaluated (C, D). ns: not significant, TRAIL: tumor necrosis factor-related apoptosis-inducing ligand. **p<0.01,
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5. In the xenograft model, a combination of
EZH2 inhibitor and TRAIL significantly
decreased tumor volumes

To assess the effect of the EZH2 inhibitor and
TRAIL in the growth of DU 145 cells in vivo, we ex-
amined whether combined treatment would be less
tumorigenic in nude mice xenografts. Tumors initially
appeared in all of the animals, and after 4 weeks,
the tumors were extracted and size and weight were
checked. The combination of DZNep (2 mg/kg) and
TRAIL (0.2 mg/mL) significantly decreased the tumors
compared to each treatment alone or the control (Fig. 5).

DISCUSSION

In this study, we first showed that DOC treatment
decreased the EZH2 level, increased the DR4 level, and
enabled apoptosis of TRAIL-resistant PCa cells through
those mechanisms. Importantly, the inhibition of EZH2
by its specific inhibitors such as DZNep or tazemeto-
stat could also re-sensitize TRAIL-resistant PCa cells
by elevation of DR4 expression.

The incidence of PCa in North-East Asia is also in-
creasing [19-21]. Polycomb group proteins are important
epigenetic regulators for cell proliferation and dif-
ferentiation and initiation and progression of cancer.
Tazverik” (tazemetostat), an EZH2 inhibitor, received
U. S. Food and Drug Administration (FDA) approval
for treating lymphoma and epithelial sarcoma in 2020
and was generally well tolerated across patients with
clinically diverse follicular lymphoma [22]. In PCa, el-
evated EZH2 expression is correlated with the develop-
ment of CRPCa [14,15]. In CRPCa cells, phosphorylated
EZH2 has been shown to act as an androgen receptor
co-activator to drive AR signaling and CRPCa progres-
sion [23]. In the current study, we found that EZH2
was correlated with the promoter lesion of the DR4
gene, and the EZH2 inhibitor increased DR4 expres-
sion in all PCa cell lines. Treatment with TRAIL only
did not function in TRAIL-resistant DU 145 cells, but
in combination with the EZH2 inhibitor, it reduced cell
viability via elevation of the DR4 level (Fig. 1) because
apoptosis is induced when TRAIL binds to DR4 and
DR5 on the surface of the cell [24].

Taxanes including DOC sensitize PCa cells to TRAIL-
induced apoptosis [9-11,25]. The mechanism by which
taxanes increase the TRAIL sensitivity of PCa cells is
still not completely understood. Various reports were
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published to explain this mechanism. First, DOC en-
hances the PARP-1 cleavage and caspases activation
by TRAIL mainly by phosphorylation of Bcl-2 by Jun
N-terminal kinase activation [9]. Second, DOC sensi-
tizes PCa cells to TRAIL-induced apoptotic synergy via
endoplasmic reticulum stress and the occurrence of mi-
tochondrial permeability [11]. Third, DOC and TRAIL
exerted a synergistic inhibitory effect in both two-
dimensional (2D) and 3D DU 145 spheroids [10]. DU 145
spheroids expressed lower levels of DR4 and DR5 in
comparison to monolayer cells in western blot analysis
of whole cell lysate.

In this study, there were lower levels of DR4 than
DR5 in both DU 145 and PC3 cell lines. Contrary to
previous results, with DOC treatment for 24 hours,
DR4 showed a concentration-dependent increase in DU
145 cells (Fig. 1D). To confirm that DR4 is the main
pathway of combined treatment of DOC (2 nM) and
TRAIL (100 ng/mL), we showed that a combination of
DOC and TRAIL with the DR4 antagonist could not
reduce cell viability of DU 145 cells (Fig. 1E), although
those without the DR4 antagonist showed a significant
reduction of cell viability. There was the other evi-
dence that DR4 is important in the function of TRAIL
for DU 145 cells. DOC showed concentration-dependent
decreases of EZH2 and E2F1, the promoter gene of
EZH2 (Fig. 3A). The decrease in E2F1 due to treatment
with DOC was also confirmed in previous head and
neck cancer cell lines [26]. This change is because DNA
damage causes ubiquitin/proteasome-mediated degra-
dation of E2F1 [27]. The EZH2 inhibitor also reduced
EZH2 and elevated expression of DR4 expression in all
PCa cells like DOC did (Fig. 2). In the ChIP analysis,
the EZH2 level correlated with the DR4 level with and
without the EZH2 inhibitor. However, there was no
difference in the DR5 level with and without the EZH2
inhibitor (Fig. 4). Therefore, we concluded that DOC-
enhanced TRAIL mediated apoptosis in PCa via eleva-
tion of the DR4 level through epigenetic regulation by
EZH2.

CONCLUSIONS

DOC treatment and the EZH2 inhibitor reduced
EZH2 expression and elevated DR4 expression in all
PCa cell lines. DOC treatment enhanced TRAIL-medi-
ated apoptosis in PCa via elevation of DR4 expression
through epigenetic regulation by EZH2. To improve the
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efficacy of TRAIL for PCa treatment, adding DOC or
EZH2 inhibitors with TRAIL may be promising.
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