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Abstract. Histone deacetylase inhibitors (HDACis) have 
shown significant antiproliferative and apoptotic properties in 
various types of cancer cells, including prostate cancer cells, 
and are therefore being evaluated as a treatment modality. 
However, the mechanism by which sodium butyrate (SB) 
induces apoptosis is not completely understood. We focused 
on SB which exists in the intestine and is therefore expected 
to have less adverse effects. In this study, three prostate cancer 
cell lines (LNCaP, DU145 and PC-3) were treated in vitro with 
different concentrations of SB. Cell proliferation was studied 
by the XTT assay; cell cycle analysis and induction of apop-
tosis were studied by laser scanning cytometry. Western blot 
analysis was used to study p21, p27, CDK2, CDK4, CDK6, 
caspase-3, caspase-7, Fas, FADD, TRADD, Bcl-2 and Bax 
protein expression. SB inhibited cell growth and induced apop-
tosis in a concentration-dependent manner in human prostate 
cancer cells (LNCaP, DU145 and PC-3). Western blot analysis 
showed dose-dependent increases of p21 levels in DU145 and 
PC-3 cells, and dose-dependent decreases of CDK2, CDK4, 
CDK6 and procaspase-3 protein levels in all three prostate 
cancer cell lines. Bcl-xL was significantly down-regulated in 
DU145 cells, and Bcl-2 was significantly down-regulated in 
PC-3 and LNCaP cells. No significant changes were observed 
in procaspase-7, TRADD and Bax expression, although slight 
decreases in Fas and FADD expression were seen in all three 
prostate cancer cell lines. Analysis of cell morphology using 
laser scanning microscopy detected condensed and frag-
mented nuclei. In conclusion, SB induces G1 and G2 arrest 
by increasing p21 expression resulting in CDK2, CDK4 and 
CDK6 down-regulation. SB potently induced apoptosis, which 
was accompanied by DNA fragmentation, down-regulated 
Bcl-2 in LNCaP and PC-3 cells, Bcl-xL in DU145 cells, and 
down-regulated procaspase-3, but not procaspase-7, in these 

human prostate cancer cell lines. These results suggest that 
SB may serve as a new modality for the treatment of hormone 
refractory prostate cancer. 

Introduction

Prostate cancer has the highest incidence and is the second 
leading cause of cancer-related deaths among men (1). One out 
of nine men over 65 years of age is diagnosed with prostate 
cancer in the United States (2). In Japan, the incidence of 
prostate cancer is also increasing. Most patients who develop 
metastatic disease initially respond to androgen deprivation, 
but ultimately develop androgen-independent disease that 
results in progressive clinical deterioration and death (3). 
Therapies commonly used for hormone refractory prostate 
cancer, such as androgen withdrawal, cytotoxic chemotherapy 
and radiotherapy are relatively nonselective, highly toxic to 
normal tissues, and rarely curative (4). There is a great need to 
develop better mechanism-based therapies for prostate cancer.

Accumulating data indicate that many anticancer drugs can 
cause the death of tumor cells through the induction of apop-
tosis, which is regarded as the preferred way to manage cancer. 
Apoptosis plays an important role in the renewal of epithelia 
in normal and neoplastic prostate, and a reduction of the apop-
totic rate has been associated with progression from localized 
to metastatic cancer (5,6). In addition, increasing evidence 
indicates that an impaired ability to undergo apoptosis plays 
an important role in the transition from androgen-dependent 
to androgen-independent prostate cancer as well as drug resis-
tance (7). Thus, much effort is being directed toward finding 
ways to increase apoptosis in prostate cancer. 

In recent years, histone deacetylase (HDAC) inhibitors 
are emerging as an exciting new class of potential anticancer 
agents for the treatment of solid and hematologic malignan-
cies, they cause hyperacetylation of histones, relaxation of 
chromatin structure, and activation of the transcription of 
certain regulatory genes (8). Butyrates are naturally occur-
ring short-chain fatty acids leading to inhibition of tumor 
cell growth. It has been shown that butyrates can induce cell 
cycle arrest, differentiation, and apoptosis in many tumor cell 
types, while having a favorable safety profile in humans (9). 
In prostate cancer cells, as in other cell systems, induction 
of differentiation, growth arrest and apoptosis in response to 
sodium butyrate (SB) have been reported (10-12). However, the 
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mechanism by which SB induces apoptosis is not completely 
understood. There are apparently many factors, including 
Bcl-2 family and caspase proteases, involved in the apoptotic 
process through the expression of genes, and the characteriza-
tion of the function of these gene products will help to define 
the process of cell death at the molecular level (13). 

In addition, deregulation of apoptosis may occur through 
death receptors. Death receptors belong to the tumor necrosis 
factor (TNF) superfamily of receptors and share a distinc-
tive cytoplasmic domain called the death domain. The death 
receptor pathway of apoptosis has been repeatedly shown to 
be involved in chemotherapy-induced cell death. This has been 
well described for the antitumor molecule etoposide, which 
largely relies on this pathway to induce apoptosis (14). 

This study was performed to further elucidate the mecha-
nisms of the apoptotic pathway by SB in androgen-dependent 
LNCaP cells (15,16), and androgen-refractory DU145 (17) and 
PC-3 (18) prostate cancer cells. We report that the exposure of 
prostate cancer cell lines to SB resulted in a dose-dependent 
growth inhibition and apoptosis. In addition, we characterized 
signaling mechanisms that mediate these biological effects. 
The ultimate goal of our study was to provide the rationale for 
the use of HDAC inhibitors as a new therapeutic modality in 
the treatment of prostate cancer in man.

Materials and methods

Cell culture and reagents. The LNCaP, PC-3 and DU145 cell 
lines were obtained from the American Type Culture Collection 
(Manassas, VA, USA). LNCaP cells were maintained in 
RPMI medium supplemented with 10% heat-inactivated 
fetal calf serum, 2 mM L-glutamine, 100 U/ml penicillin 
G and 0.1 mM non-essential amino acids in an atmosphere 
of 5% CO2 at 37˚C. PC-3 and DU145 cells were maintained 
in F-12K medium and minimum essential medium with the 
same supplements. Sodium butyrate (SB) was obtained from 
Sigma-Aldrich Chemie GmbH (Steinheim, Germany) and was 
dissolved in phosphate-buffered saline (PBS) without Mg2+ or 
Ca2+ [PBS (-)].

Growth inhibition in cell culture. For determining cell prolif-
eration, viable cell numbers were determined by the XTT 
assay using the Cell Proliferation kit II (Roche Diagnostics 
GmbH, Mannheim, Germany) (12). In brief, prostate cancer 
cells were grown in 96-well plates (1x103 cells/well) for 2 days, 
and the medium was changed to various concentrations of 
sodium butyrate (1, 2 or 3 mM) for periods of 2, 5 and 8 days, 
with a change of medium after 2 and 5 days. After 2, 5 and 
8 days, 50 µl of XTT labeling mixture was added to each well. 
After 4 h incubation at 37˚C, the difference in the absorption at 
OD450 and OD650 of the medium in each well was measured in a 
microplate reader. Standard curves were obtained by assaying 
known numbers of viable cells of each cell line.

Cell cycle and apoptosis analysis. Cells in medium were 
seeded on sterile glass slides, which were placed in 35-mm 
dishes. The medium was changed 48 h later and cells were 
incubated in the presence of various concentrations of SB (1, 2 
or 3 mM) for 7 days, with a change of medium after 3.5 days. 
Cells growing on the slides were fixed in 99% ethanol for 

30 min, stained with a propidium iodide (50 µg/ml) solution 
containing 100 µg/ml RNase A, and then incubated at 37˚C for 
30 min in an incubator. The slides were rinsed with PBS (-), 
covered with mounting medium [30% glycerin in PBS (-)] and 
a glass cover slide (Matsunami Techno, Tokyo, Japan). Cells 
that had adhered to the slides were scanned in a 5x5 mm area 
with an LSC2 laser scanning cytometer (CompuCyte Corp, 
Cambridge, MA, USA). DNA histograms were analyzed using 
the WinCyte software (CompuCyte Corp) to evaluate the cell 
cycle components and count the cells with a fractional DNA 
content or ‘sub-G1 peak’, which would be typical for apoptosis 
(19). Apoptotic cells were examined under the laser scanning 
microscope Olympus BX51 (Olympus Optics Co, Tokyo, 
Japan) (20).

Western blot analysis. Cells were rinsed twice with PBS (-) and 
lysed with PBS (-) supplemented with 1% NP-40, 20 mM Tris 
(pH 8.0), 150 mM NaCl, 1 mM EDTA, 10% glycerol, 1 mM 
PMSF, 5 mM benzamidine, 2 mM NaVO4, 10 µg/ml aprotinin, 
1 µg/ml pepstatin, 0.1% β-ME, 20 U/ml ulinastatin, 5 µg/ml 
leupeptin, 0.5 mM DTT, 50 µg/mM AEBSF and 2 µg/ml 
antipain. The lysate was gently rotated for 30 min at 4˚C and 

Figure 1. Effect of sodium butyrate (SB) on the growth of prostate cancer cell 
lines LNCaP, DU145 and PC-3. LNCaP, DU145 and PC-3 cells were treated 
with 0.2% PBS (-) or 1, 2 and 3 mM SB for 8 days, cells were counted after 
2, 5 and 8 days by the XTT assay. Data from three independent experiments 
are shown as means ± SD. 
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centrifuged at 15000 rpm for 30 min at 4˚C. The supernatant 
was analyzed for protein content using a BCA Protein Assay 
Kit (Pierce Biotechnology, Inc., Rockford, IL, USA). For gel 
electrophoresis, the supernatant containing 30 µg of protein 
was electrophoresed on a 12.5% gradient SDS-polyacrylamide 
gel [PAGE] and blotted onto a polyvinylidenedifluoride 
(PVDF) membrane for 30 min. The blotted membrane was 
treated with 5% skimmed milk in 25 mM Tris, 150 mM NaCl 
and 0.1% Tween-20. Blots were incubated overnight at 4˚C with 
the following primary antibodies: anti-p21 (1:200), anti-p27 
(1:200), anti-CDK2 (1:500), anti-CDK4 (1:500), anti-CDK6 
(1:500), anti-procaspase-3 (1:1000), anti-procaspase-7 (1:1000), 
anti-Fas (1:500), anti-FADD (1:250), anti-TRADD (1:250), 
anti-Bcl-2 (1:500), anti-Bcl-xL (1:500), anti-Bax (1:250), and 
anti-actin (1:2000). All primary antibodies were purchased 
from Santa Cruz Biotechnology Inc. (Santa Cruz, CA). The 
membranes were washed and incubated with polyclonal goat 
anti-mouse IgG or goat anti-rabbit IgG (Vector, Burlingame, 
CA, USA). The membrane was rinsed, treated with enhanced 
chemiluminescent (ECL) reagent (Amersham) and exposed to 
an RX100 film (Fuji). Bands were analyzed by a densitometer 
(ATTO Densitograph Software, Tokyo, Japan) (21).

Statistical analysis. The Student's t-test (JMP software) was 
used to analyze statistical differences between the SB-treated 

and control groups. The P-values were considered to be signifi-
cant if <0.05.

Results

Effect of SB on prostate cancer cell line growth. The prostate 
cancer cell lines LNCaP, DU145 and PC-3 cells were treated 
with SB at various concentrations. After incubation for 2, 5 or 
8 days, cells were harvested and viability was determined by 
the XTT assay. SB at 3 mM completely inhibited growth of 
all cell lines used (Fig. 1). At lower concentrations of SB, the 
dose-response was somewhat different between the three cell 
lines, with LNCaP cells showing the highest sensitivity (Fig. 1).

Effect of SB on the cell cycle in prostate cancer cell. Cell cycle 
analysis using laser scanning cytometry showed that treatment 
of LNCaP cells with 3 mM SB for 7 days resulted in a 92% and 
91% decrease in the fraction of cells in the S and M phases, 
respectively (Fig. 2 and Table I). SB also inhibited the progres-
sion from the G0/G1 to the S phase and from the G2 to the 
M phase in LNCaP cells, indicating that SB induced G1 and 
G2 arrest. Similar changes were observed in PC-3 and DU145 
cells (Fig. 2 and Table II). These results suggest that the inhibi-
tion of cell cycle progression is the basis for the anti-cancer 
activity of SB in prostate cancer cells.

Figure 2. Effect of sodium butyrate (SB) on the cell cycle and apoptosis in the prostate cancer cell lines, LNCaP, DU145 and PC-3. Cells were treated with 
0.2% PBS (-) or 1, 2 and 3 mM SB for 7 days and stained for nuclear DNA with propidium iodide (PI). The intensity of PI staining was analyzed with the use 
of a microscope-based multiparameter laser scanning cytometer. 1, G0; 2, G1; 3, S; 4, G2; 5, M; 6, apoptosis. 
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SB affects the expression of p21, p27 and cycle-dependent 
kinases. Next, we investigated whether SB treatment alters 
the expression of regulatory proteins of the G1-S and G2-M 
checkpoint. Two CDK inhibitors (p21 and p27), CDK2, 
CDK4 and CDK6 were examined in LNCaP, DU145 and 
PC-3 cells after SB treatment by Western blot analysis. The 
results showed that the expression of p21 increased in a dose-
dependent manner in PC-3 and DU145 cells, but not in LNCaP 
cells. The expression of p27 was moderately increased in PC-3 
and moderately decreased in DU145 cells treated with SB. 
The expression of CDK2, CDK4 and CDK6 decreased in a 
dose-dependent manner in all prostate cancer cell lines. The 
decrease in CDK2 expression was more pronounced than that 
of CDK4 and CDK6 (Fig. 3). These results showed that SB 
causes G1 and G2 arrest by up-regulation of p21 expression, 
and down-regulation of CDK2, CDK4 and CDK6 expression 

in PC-3 and DU145 cells. In LNCaP cells, down-regulation of 
the CDKs appears to play an important role in G1 arrest.

SB induces apoptosis in all prostate cancer cell lines. LNCaP, 
DU145 and PC-3 cells treated with 3  mM SB for 7 days 
exhibited a sub-G1 peak by laser scanning cytometry (Fig. 2). 
Analysis of cell morphology under laser scanning microscope 
detected condensed and fragmented nuclei (Fig. 4). These 
results showed that SB induced apoptosis in these prostate 
cancer cell lines.

Role of caspase activation in SB-induced apoptosis. Caspases 
play an important role as mediators of apoptotic signals, and 
their activation is considered a hallmark of apoptosis. We 
analyzed caspase-3 and caspase-7 in LNCaP, DU145 and PC-3 

Table I. Effect of sodium butyrate on the cell cycle and apop-
tosis in LNCaP cells.

SB (mM)	 0	 1	 2	 3

G0	 0.6±0.2	 0.9±0.5	 1.2±0.5	 0.5±0.1
G1	 61.7±3.9	 73.1±2.5a	 79.2±1.3a	 70.3±2.2a

S	 13.4±1.4	 3.8±0.1a	 1.2±0.2a	 0.8±0.2a

G2	 12.7±2.6	 13.8±0.7a	 10.4±1.0a	 11.6±0.6a

M	 2.2±0.5	 0.8±0.2	 0.4±0.1a	 0.2±0.1a

Sub-G1	 1.0±0.4	 2.8±0.1a	 4.4±0.8a	 15.1±1.5a

Data shown are the mean ± SD percentages of cells in each cell cycle 
phase; a P﹤0.05 for sodium butyrate (SB) vs. the control.

Table II. Effect of sodium butyrate on the cell cycle and apop-
tosis in DU145 and PC-3 cells.

	 DU145	 PC-3
	 ----------------------------------------	 -----------------------------------------
SB (mM)	 0	 3	 0	 3

G0	 1.6±0.7	 1.2±0.4	 0.6±0.2	 1.2±0.5
G1	 54.8±2.9	 70.3±2.0a	 51.5±2.7	 71.7±2.2a

S	 12.2±1.4	 4.2±0.4a	 13.5±1.1	 3.9±0.3a

G2	 23.4±0.6	 8.5±1.6a	 16.8±2.1	 8.2±0.8a

M	 3.3±0.5	 1.0±0.2a	 1.5±0.4	 0.8±0.3a

Sub-G1	 0.4±0.1	 8.7±0.5a	 1.7±0.3	 9.7±0.8a

Data shown are the mean ± SD percentages of cells in each cell cycle 
phase; a P﹤0.05 for sodium butyrate (SB) vs. the control.

Figure 3. Effect of SB on the expression of cell cycle regulators. LNCaP, DU145 and PC-3 cells were treated with 0.2% PBS (-) or 1, 2 and 3 mM SB for 7 days. 
Samples containing 30 µg of total protein were used for Western blot analysis. Equal loading was confirmed by stripping immunoblots and reprobing them for 
β-actin. The experiments were repeated three times with similar results. 
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cells after treatment with SB for 7 days. We found that the 
expression of procaspase-3 was significantly down-regulated 
in all these cell lines, while the expression of procaspase-7, 
which remained unchanged (Fig. 5). These results suggest that 
SB-induced apoptosis of prostate cancer cells is mediated by 
caspase-3 but not caspase-7.

Effect of SB on the expression of mitochondria-dependent 
apoptotic proteins. We measured the expression of mitochon-
dria-associated proteins (Bcl-2, Bcl-xL and Bax) known to 
play a role in the apoptotic process. As shown in Fig. 5, SB 
treatment caused a significant dose-dependent decrease in 

the expression of Bcl-2 and Bcl-xL. Furthermore, the protein 
expression of Bcl-2 was significantly decreased in PC-3 and 
LNCaP cells, Bcl-xL protein expression was significantly 
decreased in DU145 cells, and the expression of Bax was not 
significantly changed in LNCaP and PC-3 cells. In DU145 
cells, Western blot analysis did not reveal the presence of 
Bcl-2 or Bax. These data suggest that SB induces apoptosis of 
prostate cancer cells through the Bcl-2-mediated and Bcl-xL-
mediated apoptosis pathways.

Effect of SB on the expression of the death domain receptor-
dependent apoptotic proteins in prostate cancer cells. Next, 

Figure 4. Analysis of apoptosis in LNCaP, DU145 and PC-3 cells by laser scanning microscope. LNCaP, DU145 and PC-3 cells were treated with 0.2% PBS (-) 
or 1, 2 and 3 mM sodium butyrate (SB) for 7 days and analyzed for apoptosis and necrosis (arrows) by laser scanning microscope. 

Figure 5. Effect of SB treatment on the expression of procaspse-3, procaspase-7, Bcl-2, Bcl-xL and Bax in LNCaP, DU145 and PC-3 cells. LNCaP, DU145 and 
PC-3 cells were treated with 0.2% PBS (-) or 1, 2 and 3 mM SB for 7 days, the expression of procaspse-3, procaspase-7, Bcl-2, Bcl-xL and Bax were determined 
by Western blot analysis. Equal loading was confirmed by stripping immunoblots and reprobing them for β-actin. Representative immunoblots of three 
independent experiments with similar results. 

https://www.spandidos-publications.com/10.3892/or.2011.1470
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we determined the effect of SB on the expression of a death 
receptor protein (Fas) and of two death adaptor proteins 
(FADD and TRADD). As shown in Fig. 6, DU145, PC-3 and 
LNCaP cells treated with SB exhibited no significant changes 
in the expression of TRADD protein. In contrast, expression 
of Fas and FADD proteins were dose-dependently decreased 
by SB treatment. These data suggest that SB does not induce 
apoptosis of prostate cancer cells through the Fas-mediated 
apoptosis pathway. The slight reduction in Fas expression 
caused by SB could not be explained.

Discussion

HDAC inhibitors are emerging as a promising new therapeutic 
tool for the treatment of a variety of human tumors. Some, 
like depsipeptide, are under clinical trials for solid tumors and 
hematologic malignancies (22,23). The effect of HDAC inhibi-
tors on the viability of prostate cancer cells has been poorly 
studied. Several reports have demonstrated that HDAC inhibi-
tors decrease cell proliferation in various prostate cancer lines 
(11,12,24-27) and a few studies have shown the induction of 
apoptosis after exposure to HDAC inhibitors for 2 or more days 
(11,12,26). In the present study, using LNCaP, DU145 and PC-3 
prostate cells, we confirmed inhibition of proliferation of pros-
tate cells by SB. SB causes a G1 cell cycle arrest via induction 
of p21 in DU145 and PC-3 cells together with an inhibition in 
cycle-dependent kinase (CDK2, CDK4 and CDK6) activity as 
an underlying mechanism for growth inhibition in all prostate 
cancer cell lines studied. Furthermore, SB induces apoptosis 
by mechanisms involving or mediated by Bcl-2 and Bcl-xL.

Cell cycle progression is regulated by the sequential acti-
vation of cyclin-dependent kinases (CDKs) that are subject to 
negative regulation by CDK inhibitors (CDKIs), such as p16 
p18 p19 p21, and p27. CDKIs are tumor suppressor proteins 
that down-regulate the cell cycle progression by binding with 
active CDK-cyclin complexes and thereby inhibiting their 
kinase activities (28-30). It is known that p21 can induce cell 
cycle arrest in G1 and/or G2-M by inhibiting kinase activity 
of CDKs, as it is regarded as a universal inhibitor of CDKs 
(31). Cell cycle analysis data showed that SB caused G2-M 
arrest along with G1 arrest in cell cycle progression of prostate 

cancer cells. Furthermore, a mechanistic investigation showed 
that SB-induced G1 and G2 arrest in PC-3 and DU145 cells is 
primarily mediated via up-regulation of p21. As progression of 
cells to G1 and entry into the S phase of the cell cycle is regu-
lated by two distinct CDKs, CDK4 (or CDK6) and CDK2 (32), 
concomitant with CDKI induction, we also observed a decrease 
in the protein levels of CDK2, CDK4 and CDK6. Among the 
CDKs that regulate cell cycle progression, CDK1 and CDK2 
kinases are activated primarily in association with cyclin A and 
B1 in the G2-M phase progression (33). In this study, we found 
that CDK2 protein was decreased in a dose-dependent manner 
following SB treatment and the decrease in CDK2 expression 
was more pronounced than that of CDK4 and CDK6. 

p27 is also an important regulator of the G1-S phase transi-
tion and it binds and inhibits cyclin E/CDK2, thereby negatively 
regulating S phase entry (34). In this study, SB moderately 
increased p27 expression in PC-3 but moderately decreased it 
in DU145 cells. The increase in the expression of CDKIs by 
SB may also have a direct relevance in prostate cancer growth 
and progression, as a decreased p27 expression in prostatic 
carcinomas has been associated with an aggressive phenotype 
and poor prognosis, while a failure of a response to irradiation 
in prostate cancer patients has been linked to the loss of p21 
function (35). Loss of p27 protein has been associated with 
development and progression of various cancers, including 
breast, colorectal and lung cancer (36). Many reports also 
suggest that cell cycle arrest is often followed by or associated 
with apoptotic death of cancer cells caused by various cancer 
therapeutic agents (37). Therefore, agents that can induce apop-
tosis may be useful in the therapy of cancer (37,38). Our data 
show that SB can induce apoptosis in prostate cancer cells.

The two major apoptotic pathways are the mitochondrial-
dependent pathway and the death receptor pathway (39). Fas 
(CD95/Apo-1) belongs to the tumor necrosis factor (TNF) 
receptor family, and the Fas signaling pathway is the best 
characterized death receptor-mediated pathway. Multivalent 
crosslinking of the Fas receptor, as a result of FasL binding to 
pre-associated Fas receptor trimers, triggers the recruitment of a 
set of effector proteins to the receptor, resulting in the formation 
of the death-inducing signaling complex. The death-inducing 
signaling complex is composed of intracellular signaling 

Figure 6. Effect of SB treatment on the expression of Fas, FADD and TRADD in LNCaP, DU145 and PC-3 cells. LNCaP, DU145 and PC-3 cells were treated 
with 0.2% PBS (-) or 1, 2 and 3 mM SB for 7 days and the expression of Fas, FADD, TRADD were determined by Western blot analysis. Equal loading was con-
firmed by stripping immunoblots and reprobing them for β-actin. The immunoblots are representative of three independent experiments with similar results. 
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proteins including the Fas-associated death domain (FADD/
MORT1), a death domain-containing an adaptor protein, and 
caspase-8 (also known as FLICE/MACH). Upon recruitment 
to the death-inducing signaling complex, caspase-8 is autopro-
teolytically cleaved and activated. Activated caspase-8 in turn 
directly activates caspase-3, leading to execution of apoptosis 
(40). Although the expression of Fas is widespread, most cell 
types are resistant to apoptosis mediated through this pathway 
(41). Prostate cancer cells express Fas, but are strongly resis-
tant to Fas-mediated apoptosis (42), which may be due to the 
expression of dominant-negative regulatory proteins (43). Our 
results indicated that SB did not enhance the expression of 
Fas, but rather suppressed it slightly. In the current study, SB 
induced apoptosis in prostate cancer cells, in agreement with 
Owen-Schaub et al (41), who reported that Fas expression is 
necessary but not sufficient to induce apoptosis through this 
pathway. We also found that it was difficult to induce prostate 
cancer cells to undergo Fas-mediated apoptosis.

Bcl-2 is an antiapoptotic protein present on the mitochon-
drial membrane. By binding and inactivating the apoptotic 
protein Bax, Bcl-2 blocks the release of cytochrome c from 
the mitochondria and prevents the activation of caspase-9, 
which would lead to the activation of the intrinsic apoptotic 
pathway (44). Down-regulation of antiapoptotic proteins and 
up-regulation of pro-apoptotic proteins of the Bcl-2/Bax 
family is quite common during cell differentiation (45). In the 
present study, we were unable to detect the expression of Bcl-2 
and Bax in DU145 cells. It has recently been shown that PC-3 
and LNCaP cells express Bcl-2 and Bax, but DU145 cells do 
not (46). In PC-3 and LNCaP cells, the expression of Bcl-2 was 
significantly down-regulated, although the expression of Bax 
was not significantly changed, resulting in an increased Bax/
Bcl-2 ratio, which favors the pro-apoptotic action of Bax (47). 
Bcl-xL is a member of the Bcl-2 family. In PC-3 and LNCaP 
cells, the expression of Bcl-xL was not significantly altered, 
whereas in DU145 cells, the expression of Bcl-xL was signifi-
cantly down-regulated. These data indicate that SB causes 
apoptosis involving Bcl-2 and Bcl-xL.

Caspases plays a central role in many forms of apoptosis. 
These enzymes are synthesized as inactive zymogens that must 
be cleaved after conserved aspartate residues to be activated. 
Both the mitochondrial and death receptor pathways have 
been shown to trigger caspase activation in cells undergoing 
apoptosis (48). Treatment of cells with SB resulted in a signifi-
cant decrease in the protein expression of procaspase-3 but not 
of procaspase-7. These results suggest that SB-induced Bcl-2 
and Bcl-xL signaling in prostate cancer cells is mediated by 
caspase-3, but not caspase-7.

In summary, we have demonstrated that the prostate cancer 
cell lines used herein were sensitive to SB. We identified 
one distinct signaling pathway involved in SB-mediated cell 
growth arrest at the G1 and G2 phase with induction of apop-
tosis. The ultimate goal of our study is to provide the rationale 
for the use of HDAC inhibitors as a new therapeutic modality 
in the treatment of prostate cancer in humans.
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