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Induction of Apoptosis by HDAC Inhibitor Trichostatin A through Activation of Caspases and NF-
kB in Human Prostate Epithelial Cells. Cheol Park, Cheng-Yun Jin', Byung Tae Choi’, Won Ho Lee
and Yung Hyun Choi'. Department of Biological Sciences, “Department of Anatomy, Graduate School of
Oriental Medicine, Pusan National University, Busan 609-735, Korea; 'Department of Biochemistry, Dongeui
University College of Oriental Medicine and Department of Biomaterial Control (BK21 Program), Dongeui
University Graduate School, Busan 614-052, Korea - Histone deacetylases (HDACs) inhibitors have
emerged as the accessory therapeutic agents for various human cancers, since they can block the activ-
ity of specific HDACs, restore the expression of some tumor suppressor genes and induce cell differ-
entiation, cell cycle arrest and apoptosis i vitro and in vivo. In the present study, we investigated that
the effect of trichostatin A (TSA), an HDAC inhibitor, on the cell growth and apoptosis, and its effect
on the nuclear factor-kappaB (NF-kB) activity in 267B1 human prostate epithelial cells. Exposure of
267B1 cells to TSA resulted in growth inhibition and apoptosis induction in and dose-dependent man-
ners as measured by fluorescence microscopy, agarose gel electrophoresis and flow cytometry
analysis. TSA treatment inhibited the levels of IAP family members such as c-IAP-1 and c¢-IAP-2 and
induced the proteolytic activation of caspase-3, -8 and -9, which were associated with concomitant
degradation of poly (ADP-ribose)-polymerase, B-catenin and laminin B proteins. The increase in apop-
tosis by TSA was connected with the translocation of NF-kB from cytosol to nucleus, increase of the
DNA binding as well as promoter activity of NF-kB, and degradation of cytosolic inhibitor of xappaB
(IxB)-o protein. We therefore concluded that TSA demonstrated anti-proliferative and apoptosis-induc-
ing effects on 267B1 cells in vitro, and that the activation of caspases and NF-xB may play important
roles in its mechanism of action. Although further studies are needed, these findings provided im-
portant insights into the possible molecular mechanisms of the anti-cancer activity of TSA.
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& d7elde HEFQ HDAC A4 TSAd o s
apoptosis =0 #oJ3l= 7124 Q) apoptosis A2 5 ZA}
3t o 7]ol NFxBo] &4 wslr} ojg7) yehheAs =
AL ol 915kl A WEE 26781 AYA AHAE
7F AHE-H o] H o, TSAC] <8k 267B1 A Ee] 2220

€ apoptosis fr=ol| IAP family Q1459 %d waiel 9
@5 caspase #4 Z7HEV olUg} NF-kB 94| TSA #g]o)
et FYSEASE AN A F.
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267B1 M9 it Y TSAS Az

A7l AgE 26781 QA AYPA A EE
Georgetown t)3}9] Dr. Jungol Al A Fukgton, N
ol AAlE uke} 2o)[22], 90%2] RPMI-1640 (Gibco
BRL, Grand Island, NY)e] 10% fetal bovine serum (FBS),
1%} penicillin 3 streptomycin (Biofluids, Rockville, MD)
3 0.7 pg/mL geneticin (G418 sulfate, Sigma Chemical Co.,
St. Luis, MO)o] &4-8 wjA & Al&38}e 37°C, 5% CO, =4
gtoll A kst Hty. TSAE Sigmadl A 73tgomH, di-
methyl sulfoxide (DMSO, Sigma)ol] §3}3}o] -20°Col] 13
S, e A A Aol 84 F ALSaY.

Flow cytometer0fl 2/t sub-G1 MIZQ HIz &H
TSAZ} 378 A olM HAAZE St v kr)zl 267B1
MEES Bol AR & dile] So]4 oz Al §
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FE 49l propidium iodide (PI, concentration, 50 ug/ml;
Sigma)9} 10 kunit®] RNase (Sigma)E ] #]sle] ¢4, 4°C
X 1A o FA8IH T thA] phosphate-buffered sal-
ine (PBS)Z A% #FAE& AX ¥ DNA flow cytometry
{Becton Dickinson, San Jose, CA)ol| Z&-A|A & 3ul-2-o w
& histogram-& ModiFit LT (Becton Dickinson) program-&
AHgsrel wAgT

DAPI Aoy it &io| HE #is} &t

o E N EE 3.7% formaldehyde 40 8 108 F9F 1
A &, cytospin®. E slide glass 9o B2 7t} PBSZ 4=
Al % 0.2%9] Triton X-100 (Amresco)S 3 7}3le] A2 A
1087 nAsdD. 1 & oA PBSZ A5l 4 6-dia-
midino-2-phenylindole (DAPI, Sigma) §802 ¢ba}ol A
158 4% €47 ¥, PBSE DAPI £9& FE3A A3
831 absolute alcohold ]3] & 9 slide glass 90l
mounting solutiong 2§ ¥ ¥} Hu|A(Carl Zeiss)S
o]-g-3te] 4008 o] Bl & E 7t 2o WE FAEL o Py
H3le #Asrt

DNA HHESt 2MS 9ISt agarose gel HI|HS

Apoptosis7} F2E A ZolA #Zd 5 Y& DNA @3
st BAS A3t Ful® AE lysis buffer [5 mM tris-
HCL (pH 7.5), 5 mM EDTA, 0.5% triton X-100]Z 4°Coj} A
30827t AgstAth 71 & 14,000 rpmo) A 2057 AR
&1, 71 A& Aol proteinase K (sigma)E 0.5 mg/mle] %
=2 AysHth. o7]e phenol:chloroform:isoamylalcohol
T3 8-H(25:24:1, Sigma)& H7}b8lal 302 7) rotater] 71 ©h
14000 rpmol A 157 AR SIS 9714 Fola 4
Holl Z A9 isopropanol#} 5 M NaClE #H7}sl gt} 24
A% WA By F, 14,000 rpm @°C)o) A 3087+ 94
Az & 4598 vE 1, RNase AZ o] 83} pellet
=o]i ol 7]} 5X gel loading dye (Bioneer, Daejeon,
Korea)Z 410 31t} FHlH A28 1.0% agarose gel & ©]
£-35}e] 1A17F 74 S0VE A719 S A7 & ethidium bro-
mide (EtBr, Sigma)2 @4&}la] ultra violet (UV) o] A A}
X FYsta

F

¢

[+

pan

to Hr > ojv o
U

Western blot 24

dild iy 2A4E 9t FHl"E HEEL lysis buffer
[25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM EDTA, 1%
NP-40, 1 mM phenymethylsulfonyl fluoride (PMSF), 5 mM
dithiothreitol (DTT)|& &38}3 F(MZA7 o ) thlg =
= ofg 3a) A#Fstn FF d¥ES SDS-poly-
acrylamide gel g o] &3} @795 0.2 Ryt B
Gl A& nitrocellulose membrane (Schleicher and Schuell,
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Keene, NH)2.Z electroblottinge]l ¢J3) AojA7l F, &
G g gAY 2o @ o)z} T whe-S HA
§ enhanced chemiluminoesence (ECL) -&¢(Amersham
Life Science Corp., Arlington Heights, IL)& #-&A)7] t}-&
G M Xeray filmol] ZHFAA 54 B9 Ao &g £43)
Aot £ Ao AL8-" A EL Santa Cruz Biotechnology
Inc. (Santa Cruz, CA) 2 Calbiochem (Cambridge, MA)<j A]
T3t9eH, 23 dAZ ALE-E peroxidase-labeled don-
key anti-rabbit 3@ peroxidase-labeled sheep anti-mouse im-
munoglobulin® Amersham Life Scienceoj A +¢3}s3th

rol ox,
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In vitro caspase @49 £3

FHE AZE2HE dNA S FE3ta FFsle zhzt
150 pge] 994 fluorogenic peptide 7] 100 pMo] 3§
H extraction buffer {40 mM HEPES (pH 7.4), 20% glycerol
(v/v), 1 mM EDTA, 0.2% NP-40 and 10 mM DL-DTT}] 50
ulol B3t 21, microtiter plateo)] ThA] extraction buffer
o) 8]X3le] Z sample F F volumeo] 100 pl7} HA 8¢
t}h Aol AHE8 7]d[caspase-1, Z-Val-Ala-Asp (Z-VAD)-
p-nitroaniline (pNA); caspase-3, Asp-Glu-Val-Asp (DEVD)-
pNA; caspase-8, lle-Glu-Thr-Asp (IETD)-pNA; caspase-9,
Leu-Glu-His-Asp (LEHD)-pNA] 2 caspase 50|23 A&} A
(caspase-1, Ac-AAVALLPAVLLALLAP-IETD-CHO; caspase-
2, Ac-YVAD-CMK; caspase-3, Ac-DEVD-CHO ¥ Z-DEVD-
FMK)+= Calbiochemol A 73ttt Ag8 48 uhid
o]3te] FHE plateE 37°Coll A 3A17F F<} incubation A] 7]
F ELISA readerg o83} F3=ol & W39 4=&
H] 3} o

Electrophoretic mobility shift assay (EMSA)

NF-xB 84 248 93 EMSAE 939 100 mm dishd]
11078 AEE BF300) 24413 RN T U 5
=9 TSAS AA AT <t A ¥, PBSE §24)8}1L pel-
letg #8139l 6% pellet ice-cold lysis buffer (10
mM Tris-Cl, pH 74, 3 mM CaCly, 2 mM MgCly, 0.5 mM
PMSE, 5 pg/ml of leupeptin, pepstatin, and aprotinin, re-
spectively) 2 resuspendd}il U4 HHO 2 vortexingshd
A -4°Coll 158 A= whx|stct. 35000 rpmO & 587 9
A&gste] & 4#7 %, washing buffer (10 mM HEPES-
KOH, pH 7.9, 10 mM KCl, 1.5 mM MgCl, 0.5 mM DTT,
5 pg/ml of leupeptin, pepstatin, and aprotinin, re-
spectively)& 587 A @& 2% hypertonic buffer
(20 mM HEPES-KOH, pH 79, 25% Glycerol, 420 mM
Na(Cl, 1.5 mM MgCl,, 0.2 mM EDTA, 0.5 mM DTT, 5 ug/
ml of leupeptin, pepstatin, and aprotinin, respectively)Z
F7}ste] 408-7F ¥R AIZ T} 14,000 rpmE 3087 YAl Ha)

dto] 4L 3 Sl g S Aekste] 7424 sampled] B 5 g
< EMSAd| A&t o] ALE-¥ oligonucleotide NF-xB
probe (5-CAAAACAGGGGCTTTCCCTCCTCA-3')x= Santa
Cruz Biotechnology Inc.old F3t¥21, binding re-
action % 6% native polyacrylamide gel& ©] g3l ®z] ¥
autoradiographydl] €3} %t}

NF-kB luciferase assay

NF-kB AALEA o) A A vwE ¢35} NF-«B promoter
o B0 VA= TSAY & AU olg A3k
1x10°)9) AEE tAo2 2 ug NF-B-luciferase reporter
plasmids (BD Sciences, San Jose, CA)E Lipofectamine
(Gibco BRL)-Z o] &-3}e] 0] o) F38}¢] transfection
S AA89 Y. DNA-Lipofectamine mixtures® 2% A|7F
SA %, BF o AEES ookd v29 TSAE 34
AZES AR, ZHR ALES Zol 2ASL lysis
AlA microplate luminometer LB96V (Perkin Elmer, Foster
City, CA)E ©o|8&38}e] Promegarl9] Luciferase Assay
System kitE o]8-3}9] luciferase 848 48t}
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HDAC A3 AIQ) TSA] el ot 267B1 X 9] F4
oA 7} apoptosis =9 AFFo] YA 9 AF-E FAE}
7] Yt} AYAFe 2o Fapo(13] HAZAT e o
&3t Fx o TSAE Aelste] 267B1 M E FA YA o7&
ZALIGTE B A A= A AT Ao M9 &
AFStA 400 ng/ml TSAS] 24A17F &3 Helol oste] H4
B Ao A ke tiztol Hlshe] oF 50% o]/de] YA
A& #2s 4= 909 tH(data not shown). o] # 3 TSA Az
of w& 267B1 AE9] %2 A|7} apoptosis FEe &3 A
Y& AAst7] 9435te] apoptosis Pojd A EA HF A0
2 #AEs g4 §% 5 DNA ©H3) #4328,32]¢]

55 2AEAT o] & Hste] 200 2 400 ng/mle] TSAZ}
4A T AP AEE U)o 2 DAPI GA4S AA|8te] 39
FeH W3 E Ao, s 2AA TSA7E HEd
B Aol A wjkE MEES & U] DNAE #&]stef DNA ¢
Ha} o F ZALE 98l agarose F7| DTS AT
Fig. 1A % Bel& & & 3dxo] TSAY A ¥& 9 A|7HY
F7tol wheh dAAe] g5 o3 o A #d ¥ DNA
GAste] T d4S #EE ) o] F TSA Ao
o3k 267B1 A X ] apoptosis F&9] FEE A Fsl7] 9
sl flow cytometry #4-& AAS A3} Fig. 1Co] e}
W ouke}l Zon, o9 2 AT ARE-L TSAH 93 267B1
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Fig. 1. Apoptosis induction by HDAC inhibitor trichostatin A (TSA) treatment in 267B1 cells. (A) 267B1 cells were plated at 1x10°
cells per 60-mm plate, and incubated for 24 hr, The cells were treated with 200 ng/ml and 400 ng/ml TSA for 24 hr and
then stained with DAPI solution. After 15 min incubation at room temperature, the cells were washed with PBS and nu-
clear morphology was photographed with a fluorescent microscope using blue filter. Magnification, X400. (B) For the analy-
sis of DNA fragmentation, the cells were treated with various concentrations of TSA for 24 hr or 200 ng/ml TSA for the
indicated times, respectively. The genomic DNA was extracted, separated on 1.0% agarose gel electrophoresis and vi-
sualized under UV light after staining with EtBr. M indicates a size marker of the DNA ladder. (C) The cells were grown
under the same conditions as (B), trypsinized and pellets were collected. The cells were fixed and digested with RNase,
and then cellular DNA was stained with PI. DNA flow cytometric cell cycle analysis was performed. Results were ex-
pressed as the meansS.D. of three independent experiments,
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Fig. 2. Effects of HDAC inhibitor TSA on the levels of Bcl-2
and JAP family proteins, and caspase-3 substrate pro-
teins in 267B1 cells. Exponentially growing cells were
incubated with various concentrations of TSA for 24 hr
or 200 ng/ml TSA for the indicated times, respectively.
The cells were lysed and then cellular proteins were
separated by SDS-polyacrylamide gels and transferred
onto nitrocellulose membranes. The membranes were
probed with the indicated antibodies. Proteins were vi-
sualized using an ECL detection system. Actin was
used as an internal control.
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Fig. 3. Effects of HDAC inhibitor TSA on the levels and activities of caspases in 267B1 cells. (A) 267B1 cells were incubated with
200 ng/ml TSA for the indicated times. The cells were lysed and then cellular proteins were separated by SDS-polyacrylamide
gels and transferred onto nitrocellulose membranes. The membranes were probed with the indicated antibodies. Proteins were
visualized using an ECL detection system. Actin was used as an internal control. (B) After treatment with various concentrations
of TSA for 24 hr, aliquots were incubated with substrates, Z-VAD-pNA, DEVD-pNA, IETD-pNA and LEHD-pNA for i vitro
caspase-1, -3, -8 and -9 activity, respectively, at 37°C for 1 hr. The released fluorescent products were measured. Data were
means+SD of three independent experiments. (C) The cells were pretreated with the indicated caspase inhibitors (50 uM) for
1 hr before challenge with 200 ng/ml TSA for 24 hr. The cell lysates were extracted and used to measure the caspase-3,
-8 and -9 activity with the indicated substrates. Data were reported as mean=S.D. of three independent experiments.
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Fig. 4. Activation of NF-kB and degradation of 1xB-u proteins
by HDAC inhibitor TSA in 267B1 cells. (A) 267B1 cells
were incubated with various concentrations of TSA for
24 hr or 200 ng/ml TSA for the indicated times,
respectively. The nuclear (N.E) and cytosolic (CE.)
fractions were separated by 10% SDS-polyacrylamide
gels and transferred onto nitrocellulose membranes.
The membranes were probed with antj-NF-kB and an-
ti-IkB-a antibodies. Proteins were visualized using an
ECL detection system. (B) Nuclear extracts were ana-
lyzed for NF-xB DNA binding ability using NF-kB spe-
cific oligonucleotide by EMSA. 267B1 cells were in-
cubated with the indicated concentrations of TSA for
24 hr or 200 ng/ml TSA for the indicated times. Then
the nuclear proteins were isolated and subjected to
EMSA to assay for NF-xB activation. (C) The NF-kB
promoter constructs fused to the luciferase gene were
transiently transfected into 267B1 cells as described in
materials and methods. The cells were incubated with
various concentrations of TSA for 24 hr or 200 ng/ml
TSA for the indicated times, respectively, and NF-kB
activities were examined. The results were expressed as
the mean+S.D. of data from three separate experiments.
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