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Abstract: Commonly occurred in aged males, the incidence of prostate carcinoma is increasing by years. Histone
deacetylase (HDACs) as one key enzyme in regulating gene transcription has been found to be related with cancer
occurrence. Trichostatin A (TSA) is one HDAC inhibitor for suppressing tumor growth. This study thus treated pros-
tate carcinoma cell line PC3 with TSA, to analyze the effect of HDAC on the occurrence and progression of HDAC.
PC3 cells were treated with gradient concentrations of TSA. MTT assay was employed to detect the proliferation
of PC3 cells, while flow cytometry was used to detect the cell apoptosis and cell cycle. Apoptotic proteins includ-
ing caspase-3, caspase-9 and bcl-2 were further quantified by Western blotting. MTT assays showed a dose- and
time-dependent manner of TSA in inhibiting PC3 cell proliferation. Most of PC3 cells were arrested at G1 phase
after treating with TSA. The apoptotic ratio of cells was also elevated by higher concentrations of drugs. Apoptotic
proteins including caspase-3, caspase-9 and bcl-2 were all up-regulated by TSA. HDAC inhibitor can effectively
suppress the proliferation of prostate carcinoma cells, which can be arrested at G1 phase. The elevated apoptotic
ratio was caused by up-regulation of apoptosis-related proteins caspase-3, caspase-9 and bcl-2, in both dose- and
time-dependent manners.

Keywords: Histone deacetylase, HDAC inhibitor, prostate carcinoma

Introduction

Commonly occurred in aged males, prostate
carcinoma is the leading malignant tumor in
Western countries [1]. The occurrence of can-
cer is now widely believed to be related with
abnormal epigenetic regulation. Histones,
including H2A, H2B, H3 and H4, participate in
almost all DNA expression processes including
replication, transcription, and repair via ubiqui-
tination, phosphorylation, methylation and
acetylation. The acetylation and de-acetylation
are two hall marks for facilitating and inhibiting
of transcription, as one antagonistic pair of fac-
tors [2]. The acetylation of histones is dynami-
cally regulated by acetyl transferase and his-
tone deacetylase (HDACs), both of which play
crucial roles in the pathogenesis of tumors.
HDACs have been found to exist in various
tumor cells, in which they can inhibit the expres-
sion of cell cycle inhibitors [3]. Trichostatin A
(TSA) is one specific HDAC inhibitor for inducing
tumor differentiation and thus suppressing
tumor growth. Previous study found that low

dosage of TSA will not interfere with normal cell
functions or cause cytotoxicity for normal cells
[4]. This study thus selected prostate carcino-
ma cell line PC3, on which different concentra-
tions of TSA will be applied for analyzing its
effect on proliferation, apoptosis and cell cycle
regulation, in an attempt to investigate the role
of HDAC on progression of prostate cancer.

Materials and methods
Cell culture

Prostate carcinoma cell line PC3 (Shanghai
Institute of Cell Biology, China) were cultivated
in RPMI1640 medium (Sigma, US) in humidified
chamber at 37°C with 5% CO,. Cells were
passed every 3~5 days, and were digested in
0.25% trypsin. Cell suspensions were then
seeded into 96-well plate for further use.

MTT assay

Cells at log-phase were adjusted to 1.0 x 105
per mL and were seeded into 96-well plate.
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Figure 1. Proliferation rate of PC3 cells under different concentration (left) or time periods (right) of TSA treatment.

Table 1. Cell cycle and apoptotic ratios of PC3 cells

Cell cycle ratio (%)

Group o1 S Go Apoptotic ratio (%)
Control 57.1942.26 25.41+1.85 10.07+£1.14 3.97+1.56
TSA
5uM 60.12+1.02* 24.68+1.82° 10.58+1.23" 20.12+1.01"
10 uM 63.44+1.21"# 23.56+1.64"# 11.26+1.43"* 22.17+1.25™#
20 uM 65.05+1.34"#& 21.23+1.12"#& 12.08+1.44"#& 23.89+1.43"#&
40 uM 67.89+1.43"#&@ 19.89+1.03"#&e 14.15+1.76"#&@ 26.12+1.55"#&e

Note: “P<0.05 compared to control group; *P<0.05 compared to 5 uM TSA group; P<0.05 compared to 10 uM group; ®P<0.05

compared to 20 uM group.

Table 2. Apoptotic proteins expression levels

Protein (group) 2 hours TSA 4 hours TSA
Caspase-3
0 16.23+0.97 10.50+0.42"
10 uM 13.74+0.92* 9.67+0.57"#
20 uM 9.67+1.2%& 6.81+0.66"*%
40 uM 6.25+1.34%&@  4,28+0.78"#&@
Caspase-9
0 14.12+0.82 11.47+0.51"
10 uM 12.21+0.81# 8.62+0.48"#
20 uM 9.23+1.18*%  7.57+0.32"#&
40 uM 5.64+1.22#%@  3,51+0.21"*&®
Bcl-2
0 15.22+0.81 11.12+0.45"
10 uM 11.53+0.73* 9.52+0.44"#
20 uM 8.75+0.45%%  6.27+0.41"*&
40 uM 6.08+0.33#&@  3,79+0.17"#&@

Note: "P<0.05 compared to 2-hour TSA group; “P<0.05
compared to no TSA group; ¥P<0.05 compared to 10 uM
group; ®P<0.05 compared to 20 uM group.
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Gradient concentrations of TSA (O, 5, 10, 20
and 40 uM) were added in each group. At differ-
ent time points (24, 48, 72 and 96 hours after
drug treatment), 5 mg/mL MTT (Huamei, China)
were added for continuous incubation. Cells
were then centrifuged at 1000 g for 5 min, with
supernatants being discarded. 0.1 mL DMSO
was mixed with cells for reading absorbance (A)
value on a microplate reader. The cell prolifera-
tion rate (%) was calculated as: (A
A x 100%.

Experiment_AB\ank)/

(AControl- Blank)

Flow cytometry

PC3 cells at log-phase were adjusted to 1.0 x
105 per mL and were seeded into 96-well plate.
TSA were added as those in MTT assay. Cells
were collected by centrifugation at 1000 g for 5
min, washed by PBS and were fixed in absolute
ethanol overnight. Pl dye was then added to
stain cells, which were detected by flow cytom-
etry for apoptotic cell ratio.
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Figure 2. Apoptotic proteins expression.

Western blotting

Log-phased cells were adjusted to 1.0 x 10°
per mL and were seeded into 96-well plate. TSA
were added as those in MTT assay. Cells were
collected by centrifugation at 2000 g for 5 min,
and were lysed on ice. Proteins were extracted
by centrifugation and were denatured. 60 ug
proteins were separated by SDS-PAGE and
were transferred to PVDF membrane. The mem-
brane was firstly blocked in 5% defatted milk
powder at room temperature for 1 hour, fol-
lowed by primary antibody incubation over-
night. Secondary antibody with horseradish
peroxidase conjugated was then applied for
1-hour incubation at room temperature, fol-
lowed by development and exposure.

Statistical analysis

SPSS 17.0 software was used to process all
collected data, which were presented as mean
+ standard deviation (SD). Measurement data
were compared by student t-test, while enumer-
ation data were analyzed by chi-square test. A
statistical significance was defined when
P<0.05.

Results
PC3 cell proliferation

Under different concentrations of TSA, PC3
cells’ proliferation rate was gradually sup-
pressed (100%, 88.4%, 76.3%, 44.7% and
24.4% against the control group for O, 5, 10, 20
and 40 uM drugs, respectively; Figure 1A). A
time-dependent manner was also revealed, as
24, 48, 72 and 96 hours of 40 uM TSA treat-
ment depressed the proliferation rate to 78.4%,
44.7%, 35.6% and 33.4%, respectively (Figure
1B).
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Using flow cytometry as-
say, we found the arrest
of PC3 cells at G1 phase
after TSA treatment (57.19
%+2.26%,60.12%+
1.02%,63.44%+1.21%,
65.05%+1.34% and 67.89
%+1.43% for O, 5, 10, 20
and 40 uM drugs, respec-
tively; Table 1). With elevat-
ed TSA concentration, the
cell cycle arrest ratio was
significantly increased (P<0.05), suggesting the
inhibition of TSA on cellular DNA replication and
G1 stage arrest.

The total apoptotic ratio of PC3 cells was 3.97
%+1.56%,20.12%+1.01%,20.12%+1.01%,
22.17%+1.25% and 26.12%+1.55% for O, 5,
10, 20 and 40 uM drugs, respectively (P<0.05,
Table The elevated concentration of TSA also
potentiated cell apoptosis.

Apoptotic proteins expressions

We further utilized Western blotting to detect
the expression level of apoptotic proteins
including caspase-3, caspase-9 and bcl-2 in
PC3 cells. Results showed that after TSA treat-
ment, expression levels of those proteins were
all decreased in both dose- and time-depen-
dent manners (P<0.05, Table 2 and Figure 2).

Discussion

The acetylation of histones is one critical mech-
anism underlying the pathogenesis of malig-
nant tumors. Inside the body there are both
histone acetyltransferase (HATs) and HDACs,
whose dynamic balance determines the activity
of histone acetyl in an antagonistic manner [5].
In the process, the abnormal binding of HDAC
with gene promoter may inhibit the transcrip-
tion of tumor suppressor genes, thus facilitat-
ing the occurrence of cancer.

Studies have revealed the absence of RARB in
various solid tumors. In prostate carcinoma
cells, the negative expression of RARB2 and
acetylation of histones H3 and H4 exist. The
RARB2 expression can be induced by HDACs
inhibitors [6]. Pathological examination on
prostate cancer tissues found elevated mRNA
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and protein levels of HDACs, suggesting their
participation in both occurrence and progres-
sion of prostate cancer [7]. Prostate cancer is
one hormone-dependent tumor, with potent
nuclear expression of HDAC1, 2 and 3 com-
pared to normal epithelial cells, which only had
slight expression of those proteins [8]. The
expression level of nuclear HDAC1 is positively
correlated with the malignancy of tumors, as
more advanced tumors had higher expression
levels [9, 10]. The higher expression level of
HDAC1 and 2 thus suggested advanced
Gleason stage with higher proliferation potency
and shorter survival window. The specific inhibi-
tion of HDAC1 but not HDAC2 can increase the
expression of E-cadherin for suppressing tumor
infiltration, making HDAC2 as one independent
factor for tumor prognosis [11]. As one effec-
tive HDACs inhibitor, TSA can inhibit the deacet-
ylation of histones at Ki values of 3.4 nM TSA
and RA have been reported to induce the dif-
ferentiation of primary cells into metamyelo-
cytes and neutrophils in AML patients with
positive AML1-ETO [13].

In this study, we treated prostate carcinoma
cells PC3 with different concentrations of TSA.
MTT assay showed decreased cell proliferation
rate (100%, 88.4%, 76.3%, 44.7% and 24.4%
against the control group for O, 5, 10, 20 and
40 uM drugs, respectively), and time-depen-
dent cell growth inhibition (78.4%, 44.7%,
35.6% and 33.4% against the control group for
0, 5, 10, 20 and 40 uM drugs, respectively).
These results suggested a negative correlation
between PC3 cells’ proliferation rate and TSA
concentration or treatment time. Past study
has revealed the inhibition on HDACi by TSA, for
further inducing alternations of various tumor
cells, including growth arrest, differentiation
induction, and apoptosis. Such time- and dos-
age- dependency of TSA on PC3 cell growth in
previous reports [14] were consistent with our
results.

Flow cytometry results showed cell cycle arrest
at G1 phase after applying TSA. Further elevat-
ed concentrations of TSA caused more cells to
be arrested, suggesting the role of TSA in
impeding DNA replication. Furthermore, the
apoptotic ratio was also elevated by higher con-
centration of TSA. These data collectively sug-
gest the transition of cells with HDAC1 deficien-
cy from mitosis to programmed cell death
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directed by caspase-3. Therefore, the knockout
of HDAC1 gene may inhibit tumor growth [15,
16]. Previous studies using HDAC1 inhibitor
also found the arrest of tumor cells at G1 or
G2/M phase, thus suppressing both prolifera-
tion and differentiation of tumor cells, and the
formation of solid tumors [17, 18].

This study utilized Western blotting to detect
the expression level of apoptotic proteins
including caspase-3, caspase-9 and bcl-2.
Results showed more potent expression of
those proteins after TSA application in both
time- and dosage-dependent manners. Cas-
pase protein family participates in regulating
signal pathway for body cell’'s apoptosis for ini-
tiating the cellular response of apoptosis sig-
nal. Multiple proteins are involved in the signal-
ing pathway of apoptosis. As the terminal factor
of caspase cascade reaction, caspase-3 is the
key enzyme for inducing apoptosis after being
stimulated by multiple factors [19]. Moreover,
mitochondria also plays a role in cell apoptosis
by altering the reductive-oxidative electrical
potential, for increasing the related of cyto-
chrome c into cytoplasm and initiating caspase
3 or caspase 9 [20]. Our results collectively
suggested the enhancement of TSA on expres-
sion of apoptotic proteins in PC3 cells for induc-
ing programmed cell death of tumor cells.

In summary, HDACs inhibitor TSA can effective-
ly the proliferation rate of prostate carcinoma
cells by arresting cells at G1 phase and increas-
ing apoptotic ratio, which is caused by elevate
apoptotic proteins including caspase-3, cas-
pase-9 and bcl-2. Those inhibitor effects were
of both drug dosage- and time-dependency,
although detailed pro-apoptotic signaling path-
ways require further studies.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yonghai Zhang,
Department of Urology, Shantou Central Hospital,
114, Waima Road, Swatow 515031, Guangdong,
China. Tel: +86-754-88550450; Fax: +86-754-
88550450; E-mail: zhangyonghainow@sina.com

References

[1] Suikki HE, Kujala PM, Tammela TL, van
Weerden WM, Vessella RL, Visakorpi T. Genetic

Int J Clin Exp Pathol 2015;8(11):15030-15034


mailto:zhangyonghainow@sina.com

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

[11]

HDACSs on prostate cancer

alterations and changes in expression of his-
tone demethylases in prostate cancer. Pros-
tate 2010; 70: 889-98.

Secombe J, Eisenman RN. The function and
regulation of the JARID1 family of histone H3
lysine 4 demethylases: the Myc connection.
Cell Cycle 2007; 6: 1324-8.

Blair LP, Cao J, Zou MR, Sayegh J, Yan Q. Epi-
genetic Regulation by Lysine Demethylase 5
(KDM5) Enzymes in Cancer. Cancers (Basel)
2011; 3: 1383-404.

Huang H, Zhang Z, Xu Y, Shao J. Expression of
P53, P21 in human lung adenocarcinoma
A549 cell strains under hypoxia conditions and
the effect of TSA on their expression. J
Huazhong Univ Sci Technolog Med Sci 2003;
23:359-61.

Batty N, Malouf GG, Issa JP. Histone deacety-
lase inhibitors as anti-neoplastic agents. Can-
cer Lett 2009; 280: 192-200.

Marks PA. The clinical development of histone
deacetylase inhibitors as targeted anticancer
drugs. Expert Opin Investig Drugs 2010; 19:
1049-66.

Patra N, De U, Kim TH, Lee YJ, Ahn MY, Kim ND,
Yoon JH, Choi WS, Moon HR, Lee BM, Kim HS.
A novel histone deacetylase (HDAC) inhibitor
MHY219 induces apoptosis via up-regulation
of androgen receptor expression in human
prostate cancer cells. Biomed Pharmacother
2013; 67: 407-15.

Weichert W, Roske A, Gekeler V, Beckers T,
Stephan C, Jung K, Fritzsche FR, Niesporek S,
Denkert C, Dietel M, Kristiansen G. Histone
deacetylases 1, 2 and 3 are highly expressed
in prostate cancer and HDAC2 expression is
associated with shorter PSA relapse time after
radical prostatectomy. Br J Cancer 2008; 98:
604-10.

Theocharis S, Klijanienko J, Giaginis C, Rodri-
guez J, Jouffroy T, Girod A, Alexandrou P, Sas-
tre-Garau X. Histone deacetylase-1 and -2 ex-
pression in mobile tongue squamous cell
carcinoma: associations with clinicopathologi-
cal parameters and patients survival. J Oral
Pathol Med 2011; 40: 706-14.

Kim NH, Kim SN, Kim YK. Involvement of
HDAC1 in E-cadherin expression in prostate
cancer cells; its implication for cell motility and
invasion. Biochem Biophys Res Commun
2011; 404: 915-21.

Minamiya Y, Ono T, Saito H, Takahashi N, Ito M,
Mitsui M, Motoyama S, Ogawa J. Expression of
histone deacetylase 1 correlates with a poor
prognosis in patients with adenocarcinoma of
the lung. Lung Cancer 2011; 74: 300-4.

15034

[12]

(13]

(14]

(15]

(18]

(19]

[20]

Yoshida M, Matsuyama A, Komatsu Y, Nishino
N. From discovery to the coming generation of
histone deacetylase inhibitors. Curr Med Chem
2003; 10: 2351-8.

Vigushin DM, Ali S, Pace PE, Mirsaidi N, Ito
K, Adcock I, Coombes RC. Trichostatin A is a
histone deacetylase inhibitor with potent anti-
tumor activity against breast cancer in vivo.
Clin Cancer Res 2001; 7: 971-6.

Park WH, Jung CW, Park JO, Kim K, Kim WS, Im
YH, Lee MH, Kang WK, Park K. Trichostatin in-
hibits the growth of ACHN renal cell carcinoma
cells via cell cycle arrest in association with
p27, or apoptosis. Int J Oncol 2003; 22: 1129-
34.

Butler KV, Kalin J, Brochier C, Vistoli G, Langley
B, Kozikowski AP. Rational design and simple
chemistry yield a superior, neuroprotective
HDACG6 inhibitor, tubastatin A. J Am Chem Soc
2010; 132: 10842-6.

Suzuki T. Explorative study on isoform-selec-
tive histone deacetylase inhibitors. Chem
Pharm Bull (Tokyo) 2009; 57: 897-906.

Horing E, Podlech O, Silkenstedt B, Rota IA, Ad-
amopoulou E, Naumann U. The histone
deacetylase inhibitor trichostatin a promotes
apoptosis and antitumor immunity in glioblas-
toma cells. Anticancer Res 2013; 33: 1351-
60.

Hayashi A, Horiuchi A, Kikuchi N, Hayas-
hi T, Fuseya C, Suzuki A, Konishi I, Shiozawa T.
Type-specific roles of histone deacetylase
(HDAC) overexpression in ovarian carcinoma:
HDAC1 enhances cell proliferation and HDAC3
stimulates cell migration with downregulation
of E-cadherin. Int J Cancer 2010; 127: 1332-
46.

Senese S, Zaragoza K, Minardi S, Muradore
I, Ronzoni S, Passafaro A, Bernard L, Draetta
GF, Alcalay M, Seiser C, Chiocca S. Role for his-
tone deacetylase 1 in human tumor cell prolif-
eration. Mol Cell Biol 2007; 27: 4784-95.

Cha TL, Chuang MJ, Wu ST, Sun GH, Chang
SY, Yu DS, Huang SM, Huan SK, Cheng
TC, Chen TT, Fan PL, Hsiao PW. Dual degrada-
tion of aurora A and B kinases by the histone
deacetylase inhibitor LBH589 induces G2-M
arrest and apoptosis of renal cancer cells. Clin
Cancer Res 2009; 15: 840-50.

Int J Clin Exp Pathol 2015;8(11):15030-15034



