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Sulindac-induced Apoptosis without Oli-
gonucleosomal DNA Fragmentation in HT-29
Cells - Its Special References to Mitochon-
drial Pathway -

Ki-Jae Park, M.D., Yuk Kwon, M.D., Sung-Heun Kim,
M.D., Min-Chan Kim, M.D., Hong-Jo Choi, M.D., FA.CS,
Young-Hoon Kim, M.D., Se-Heon Cho, M.D., Ghap-
Joong Jung, M.D., Sung-Hyun Kim, M.D.!, Hyuk-Chan
Kwon, M.D.'

Departments of Surgery and 'Internal Medicine, Dong-A University
College of Medicine, Busan, Korea

Purpose: This study was undertaken to reveal the
molecular mechanism underlying sulindac-induced apoptosis
in the human colon cancer cell line HT-29 (mutant p53).
Methods: Apoptosis was determined by using Hoechst
33342 staining, and translocation of proteins was established
by using immunofluorescence, immunoelectron microscopy,
and Western blotting after ultra- fractionation. Results:
This type of apoptosis was associated with decreased
mitochondrial membrane potential, a translocation of the
apoptosis-inducing factor (AIF) to the nucleus, and morpho-
logical evidence of nuclear condensation. However, DNA
electrophoresis did not elucidate the ladder pattern of DNA
fragments. Instead, a pulse-field gel electrophoresis showed
that sulindac led to disintegration of nuclear DNA into-high-
molecular-weight DNA fragments of about 100~300 kbp.
Conclusions: Our findings indicate that sulindac induces
large-scale DNA fragmentation, suggesting a predominantly
AlF-mediated cell-death process, through translocation of
the AIF to the nucleus in HT-29 cells. ] Korean Soc
Coloproctol 2004;20:191-198
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7} &433}5 ™ PARP (poly-ADP-ribose- polymerase)2]
Z th(cleavage) ¥} lamins2] 3l (degradation) 12 3L <
% 529 o} A (endonuclease) ©] &AJo] gt
Sulindac t]&¢He] ojrlof Qo] 71 o] AT 5
Il g)\t NSAIDS«] o}l%—l:} :LE{UE ]:HX]—O]—_/] ol & a‘ﬂ—
2 A ge] #xolA £ uf sulindace] Al ZAME frE
717E e AL S T8t & 4 Qlrh oF
oz} FEZ O Z sulindac® A3 indome-
thacinol| A1 = HT-29M| EF-ol| A A EZALE S F2HE uj
BEMEZSH(flow cytometry)oll 4] subdiploid peakS
Ho|il, DNA 7] g&olA MEAPES] A A &
Ao i"1 Y AFEFHLEF LHSE Ak At
2] %% (ladder pattern)©] FEAETH"? 2]} AREY
o] AFE 53| sulindace S Al XEF HT-29¢]
A AEAE S FEddte AL FAT & Ao,
sulindac®] 2] A|ZHEH T 96X Zh)olut &l #AIgl
o] 271954 DNA £l & AlALet= Attke] 2o
be) 2] Q)" o2 @ AT} fALSHA oy
A A EF HT-29901 4 Al Z=ANE S FidbstA|
H; Al AxArE ] 542 Q) 272] DNA ladder
o} A :51%— I EZZ7(flow cytometry)’d subdiploid
O}q——ﬂ— E‘_J—QME}IZM o] ¥ /\7&3:

;\ﬂ EI/\]_\I]_Q_ _<|_>r.u1-

°l°ﬂ ZV} —?: Ak

= %7&6}71 w% 3 A= AlBsHAH
= =
1) Alef

(1) & cytochrome c, AIF, B-actin, 123l sec-
ondary FITC-conjugated antibodies (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA)E A}&3}3t}.

2) HHX| & EH: RPMI medium 1640 2 fetal bovine
serum (FBS) (Gibco, Gaithersburg, MD, USA)S- A}-&-3}
At

(3) Z|E}: Sulindac, sulindac sulfide, Hoechst 33342,
protease inhibitor cocktail, % propidium iodide (©]7%
Sigma Aldrich, St. Louis, MO, USA), 5,5, 6,6’-tetra-
chloro-1,1’, 3,3’-tetraethylbenzimidazol carbocyanine iodide
(JC-1) (Molecular Probes, Eugene, OR, USA), 121l
ECL Western blotting kits (Amersham Pharmacia Biotech

(Piscataway, NJ, USA)E A3t
2) MlmbHe

o 7ger M EZ <1 HT-29 (KCLB 30038)E 100 U/ml
penicillin, 100pg/ml streptomycin, 1] 10% heat-
inactivated FBS7} % 7}¥ DMEM (Dulbecco’s modified
Eagle’s medium) B X2 5% CO,7} E3HE 37°C wjj 7]
oA FetATh HT-29 AL E 24413t vl Fate] 70~
80% 2] 8%} (confluency)©] ¥ 3 sulindac* 2] & 3}t
Sulindac H.=89& DMSO 2HAlE &3A1#A -20°C
2 4§ A7 wEsldn 2eln o swe
sulindac® 2 #2]3}4] trypan blueZ HNL sl
hemacytometerS ©]-&3%}] 1 =& =43

3) MEAIZEO| HEfSIA H5t npzt

o

Fetdn g AALE 95t AERFES A4

712 E213 & 4ug/ml Hoechst 333428 G 5}¢f
FAAn B S o] &3t F o WstE #Fs AT 2
(Hitachi H600-3 electron microscope,
Tokyo, Japan) 2=7-& #2a3}7] 913l 24417 &< 1 mM
sulindacS A3 AEXE 200 gollA U4 £33t
1A]1ZF 52k PBS (pH 7.4) ol A 4% paraformaldehydei
O A3, Al 1% osmic acido] 123+ & LR white
(EM Polysciences, Warrington, PA, USA)oll ZujA]7] &
%8} ¥ (ultrathin section) S THE 9] uranyl acetate@r
lead citrate® G & #2351

o
k
&
5y
[ﬁ
)
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4) M|ZA}Z(DNA strand breaks)2| ZHEHE <5t
TdT-mediated dUTP nick end labeling (TUNEL)

=]
T'__A_-ll

LA 29 AEES 1% PBS/BSAE Mol H 4%
paraformaldehyde 2 15% &< 13ttt 183 o
Al PBS/BSAZ AoJHiA 58 T €2 9 01%
Triton-X 1009 A F3}A|Z ok I &
tion System kit (Roche Molecular Biochemicals, Mannheim,
A}-8-3}o] FITC-conjugated dUTPE A 2] 3}

S Apoptosis Detec-

Germany) S

At
5) DNA =83 &4

HNEZE 3087 &3] $=94[10 mM Tris (pH 7.5),
2 mM EDTA, and 0.5% Triton X-100]S.2 2|5}, 45
FEZF 4°Col A 14,000 rpm o2 YA EE] 3 H superna-
tant fractionsE =& %, 20°CollA4] 300 mM NaCl¥}
isopropanol®l DNAE WAl A AA AT X ¥ DNA
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= 3087 4°Coll A 14,000 rpm e E ¥4 7 & 70%
ethanol2 F H A oJ WL, 10 mM Tris (pH 7.5) £} 100
pg/ml RNase & &3t 1 mM EDTA €% oA A&
& 3tar, 1A1ZF 59 37°Col| A vl %3kt DNA A3
52 1.8% o2 2= A X719 B (agarose gel elect-
rophoresis) ©. 2 #2] ¥ 2] sfoll A #EeFA

6) Pulse Field Gel Electrophoresis (PFGE)

AEZ@2x109Z 500 PBSol| 8441711, 1% A
L% &3 o}7}E 2 Z(low melting temperature agarose)
£ 7S s0ue] PBSE EFSAE FHAHAEE 5%
2x10 mm =7]2] & F(template)o]] £ TS E&
H WAAAHG. 2 otEe= A EF(agarose gel
block)S 48417t &2 50°Col A proteinase K (1 mg/ml),
N-lauroyl sarcosine sodium (1% w/v), 12]3l 05 M
EDTA (pH 9.2) £ 25008 A& & w3t
23} H (digested) o2 2= A EE9] HkS 0.5<TBE
buffer (89 mM Tris-boric acid, 2 mM EDTA, pH 8.0)°l
A 1% (wiv) oF7F2 2= A (Sigma type II, 150x150x
44 mm)o| ¥t} PFGE #X]+= Pulsaphor system
(Pharmacia) S A}8-3}o] 28A]7t(constant, 150 V; the
first pulse, 20A] 7t &< 90%; the second pulse, 843+
¢ 120%) % @I AFE 14°CE FABHHA
0.5x TBE Al Al8)3t Tt A )= DNAE ethidium
bromide® @At , 302 nme A Flol A
Polaroid 667 filmS ©]-83}o] &3} T} S. cerevisiae
(Bio-Rad Lab, Richmond, CA, USA)2] <1214 A DNA
9} HindIlIl-digested A DNA (Sigma Chemical Co., St.
Louis, MO, USA), DNA E§&E7 1 AxsdA 4
(concatemers)S DNA Z7] ®A & AL-&3tg k"

7) T2 X X3 0| H (Immunoelectron Microscopy)

4% paraformaldehydeZ YA E M3E= ZH H¥H(80
nm)< 1A]17F B¢+ AIF (dilution 1 : 20)°] th3k E7]¢
t-Z & 31| (rabbit polyclonal antibody)Z ] &3} 4
2ol A v %3t F, 10 nm gold-conjugated goat antirabbit
IgG (1 1 40)= 1A ZF &2t TohA] v Fetdeh. 28 v
4] LR White (EM Polysciences, Warrington, PA, USA)°]|
TR, AAAN S ol B3] AAAAT

8) AFTE=2| Xz

Trypsin-EDTAE FZ2H AMEE PBSE A F3
protease inhibitor cocktail®] % 7}¥ A 74 (hypotonic)
lysis buffer (0.2 ml, 10 mM HEPES, pH 7.9, 10 mM KCl,

1.5 mM MgCl)oll Al A F-FAIA, deolA 1527t
sttt @Al 2509 2.5% NP-40S F7}asle] Al
EE3)] 108 Holl 4°Col A 500 g2 YA Bt
S AFH3AY. & @l protease inhibitor cocktail
o] H7te ZHZE 9510 mM HEPES, pH 7.9, 100
mM NaCl, 1.5 mM MgCl,, 0.1 mM EDTA, 0.1 mM
DTN A AF-fFAI S 22ar dEellA 2083 HY
& F 1027F 16,000 goll A YA £ ¥ Bradford (Bio-
Rad protein assay) " o2 @A F=E A Fs}slHR

’D}- 16
9) Western Blot £4d

N F2Eo 5Y %S 75% & 12% SDS/PAGE®]
%7]'0}93\1:]' % electroblotting apparatus (Bio-Rad,
Richmond, C SA)E ©]-&3}4 NC (nitrocellulose) =
ol %2 %‘f- 2 ffo N9 weai7 st 2 gl
o4& ECL (enhanced chemiluminescence) Western
blotting A] ¢k ©]-8-3}4] LAS-1000PLUS (Fujifilm, Japan)
o= #A3ATh

M

10) SAHSH 24

Y
H

1) HT-29 M ZO{|A SulindacO] 2|8t MZAIH

HT-29 A ¥ E sulindac 2 sulindac sulfide’} 3 7}€
R 2} 22 6, 12, 24, 48, T2A|ZF BQF 242} wlj &F
A&3}Ac} o)w sulindac A 2] 72A17F 9] 172 A
A (half-maximal inhibition) & %1 mM )< Al EAE
o] ¥F AP Fr=E 3}YTHFig. 1A). SulindacS M E
Abdol F3slE TUNELYA, A XA A (apoptotic
body) #/4% 22 5745 e TUNEL #241H
o] 4] Ro]i= TUNELYA ﬂE—E DNA7}eo] ZZhd
u) free 3’-OH 1E< zjlx]fs}% o2 AXo AHL

AlAbetET, G AE tHE 72413 F<2F sulindac A 2]
= 3 A FE 9] 50%° 4 TUNELYAS ¥ THFig. 1B).
T12]31 Hoechst AWM o2 A X9 ejetz WS
#Es 2 A3 A Al E(Fig. 1C, upper left panel)ol]
o] A A S Ao Wil A E APEE Hole
HT- 294 E o A& 3o HAR &5 52 By 3
< HYthFig. 1C, lower panels).
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Fig. 2. Sulindac induces cytochrome c release from mitochondria
in HT-29 cells. Cells were treated with 1 mM sulindac for 6,
12, 24, and 48 hr. Cytochrome c protein levels were determined
by Western blot analysis using corresponding antibody. p-actin
was used as an internal control to monitor equal protein sample
loading.

2) SulindacO| nEZ=

o|st 2|0t M 2| cyto-
chrome c2| &

T r°l'

Fig. 2+ sulindac©. & 2] & HT-29 | EZ oA A3t
of Hlg sty mEFZ=gololA MAEA WRE cyto-

chrome c2] WZo] 715t AL HoFE= Western
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Fig. 1. Sulindac shows several apoptotic indicators of HT-29
cells. HT-29 cells were treated with 1 mM sulindac and 200pM
sulindac sulfide for 6, 12, 24, 48, and 72 hr, collected at each
time point. (A) Measurement of cell viability. Cells were
treated with different concentrations of sulindac and its
metabolite sulindac sulfide for 72 hr, and then the percentage
of cell survival was determined using MTT assay. (B) TUNEL
assay. Each value is a mean * SD calculated from three
independent experiments. Values from each treatment were
expressed as a percent relative to the control (100%). (C)
Hoechst staining pictures demonstrating nuclear condensation
or fragmentation.
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Fig. 3. Sulindac induces loss of mitochondrial membrane poten-
tial (A¥m) in HT-29 cells. AYwas quantitated by measurement
of J aggregate (JC-1) fluorescence in cells treated with 1 mM
sulindac. The percent of control is calculated A¥m of treated
cells/ A¥m of untreated control cells. Four independent assays
were performed and data shown are the mean = SD of the
means obtained from triplicates each experiment.
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blot &~ o]t} o]uf Jaggregate (JC-1) fluorescence s ©]
23 mEZ=g o A9 (mitochondrial membrane
potential: AYm)E =733l & A3}, sulindac* 2 & 331
AIIMA = lEZ=g ol 9] dp7o] AASHA]
B RAAIRE, 12A4]7F0] BHstHA HlEZE2]o} T 9
} ZAashe &7de] & cytochrome c2] W&
|EZ=gol B sl daste] dojv= A

O N

g
N

A2 = AATHFg. 3).

None Sulindac

Fig. 4. Transmission electron microphotographs of sulindac
treated cells. Left panel, a control cell with a normal nucleus
(N). Right panel, 72 hr after treatment with 1 mM sulindac. An
apoptotic cell shows peripheral condensation of the nucleus and
disapperance of surface fold. Bar = Sum.

Sulindac

0 24 48 72 96 24

24 (hr)

3) Sulindac2| H|MEXN MEZAE 7

AAdn Ao 2 AXES #&s £ A sulindac
L A EY FE(fold)S 2 sta, Ae] FHE
-§-Zr(peripheral condensation)2 &3-S #Z3H
(Fig. 4). 12]31, 1175 5.9] sulindacol 2|8 Al ZAPE o]

U AEE 1% o7f2 =72 oA DNA 719
B2 Adst A3 AltkE] T F(ladder pattern)2]

##4E 4 gl =, o]= sulindac® Z2

W s W= whz7hA] A THFig. 5A).
4) Pulse Field Gel Electrophoresis (PFGE) &4
Sulindac %1 2] S 3+ HT-294] £+ PFGE £ 2] ol A

L
®A%<) DNA 243b} 292 #3838 5 9k
1

=, sulindac X 2] & 3 12A|7HHH 1 E X% DNAZZ

|
100-300 kbpe] 1% DNAZZto] A HS 521319
th(Fig. 5B). 221} wjFe] FuFR(48A]17F o] 4ol A
% 200~2,000 bp =719 EH3E e A FSS

g 5 qleiek

5) Sulindac?| H|MEHA MEZAIH Z[&o0f| U
AIFS| &

Sulindac *]2] & 3} Al EE Western blot2 F3l &2

B M 0 6 12 24 48 72 96 (hr)

Kbp

1,600

750
565

225

Fig. 5. Sulindac induces high molecular weight (HMW) DNA fragmentation associated with apoptosis but no ladder-like DNA
fragmentation in HT-29 cells. (A) Cells were exposed in the absence or the presence of sulindac (1 mM), etoposide (20ug/ml), or
bile acid HS-1200 (20pM) for the indicated periods. Fragmented DNA was extracted and analyzed on 1.8% agarose gel, and visualized
under UV light. (B) Cells were incubated in the absence or the presence of 1 mM sulindac for 0~96 hr. At different time points,
cells were collected and analyzed for HMW DNA cleavage. PFGE analysis was repeated three times, and similar results were obtained

in the experiments. Lane M indicates size marker DNAs.
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A B
s « G S sy WV | \Ucleus
None
AlF
T G S Peper WS === | Total cell
0 6 12 24 48 72(hr)
Sulindac

Fig. 6. AIF localizes from the mitochondria to the nucleus during apoptosis induced by sulindac. (A) Western blot analysis of AIF
localization in nucleus induced by sulindac. Cells were treated with 1 mM sulindac for each time point, and samples of nucleus and
total cell were subjected to 10% SDS-PAGE and transferred to a nitrocellulose filter. Equivalent protein loading was confirmed by
Ponceau S staining. (B) Immunoelectron microscopic analysis of AIF localization to nucleus (N) in HT-29 cells induced by sulindac.
Cells were treated in the absence or the presence of sulindac (1 mM) for 72 hr, fixed in 4% paraformaldehyde, and assessed for
immunoelectron microscopy. No background is observed in cytosol (C), mitochondria (M) and nucleus. Right panels are a higher

magnification of the left. Bars = 250 nm.
3 A= AIF7} oA Ha F7Hes 49T F AN AR Ze M3 Ago= mEFZE=gole] 9Tt
31 (Fig. 6A), T3t AIF7} W] EZ = glolo] A sjo 2 o JE FEE ST gAY F31}0] 5 F(permea-
=
[s)

Se Ao BgYBInAes AL 5+ YA
(Fig. 6B).

bility transition pore)2] 7| o 2 v EZ =g o} 7] <]
T A (swelling)oll 7113 <)o) & T3 HA =
2P mEZ=go} 9utd] Exshe ALIEA Sl
£ E Z(voltage-dependent anion channels)2] =& 23}
2 cytochrome c¢7} WEAThn AZE 1 Yot A=

]

o

A A (apoptosis) o] T HEfA ]St o® BFQ At o] W A AT AEANA EAst= M EA
SHAYU e QXS A ASE7] Y3 Ao gt i Bel-2A| €<l Bak -2 Bax7} AlZ A HE
Holal FEA AE AME 4L 23 nEZE ZEFolR o] FFOFAN FEEHEH, olF dHdE
ol o8 71X MEAE {3 R (cytochrome c, o] mMEEr glo}9 ulo g Soj7lA HWE nEEC
Smac/DIABLO, Htr2/Omi, AIF, Endo G)E &3}a. 9l Zote] wH9le] AA T cytochrome ¢S X3 Al
o, o] AAES] ¥ - Bel2 @Y Ado] # A gk oIS o] WEo] Aol "k d B AL

e AoE dA A S AEAE S Fus)
+ Bcl-27] € (pro-apoptotic Bcl-2 members)-2
¢, Smac/DIABLO 18] Hu2/Omi 22 M ZANE
AAES Ao g nEFZEold X Axda
=31/ 8l caspase®] TS FE3HA B oA
A caspase®l 93 Endo G &2 AIF 529 7|9S
FrEstA =HA AlZAPEe] FgPHET EHA Q)
g} o2t

ATPAAES E3g kst 75l o 2Ql
Ei‘:ﬂ@"ﬂ*ﬂ cytochrome c& =391 Ao 2784
< 3t} Cytochrome c7} n|EZ =] ool A B
Q‘—:— 1Mo 2e AEAE S fikdshe Bel2A4l €9

_&

cytochrome

ng;

i r&

X = sulindac 2] & A|Zto] A g wet v EE
‘:E]O]-il?‘lﬂ cytochrome ¢ ®WZo| F713hs #&3s)
9ar, 3 sulindacol] €3} cytochrome ¢ W&E2 7]
E-’E’—Eﬂo} W9 el daEs Fd + AN

o},

o
=
)

[

Bl oHel A (flavoprotein) ] AIFE B2 02 n
gote] ojutah Wezhe] F3kel EAjetH A%
FEE oz o]Farh a1 Axd AIF

2}

4

= 99
R
1_

°]

e Mru

A4A &5 DNAS 2 #dsts fid
} do] Ag 2oz AuEy JQEd, ZAFE Ao
A ATFE 718 =™ caspased} F-#3HA &
ZH~50 kb)= DNA #4317} F 2= WA 3o WA

=

o

HJ e
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o] A E AFEC] HFEHM, o= Al
2 T (stage D2}
Abettta BusEa ok’ gud A X5 A FE
2 F Z7]|Z22 DNA EH3E Ho|= 32 DNA 53
= AEAME #Z 9] 7H 52 Ao Hdth
ay 2EAE DNA £43e AEZAME d4-S A
date d do] gL &oldt oz AAAL o
w0 QA o] DNAZE M EAFE ] A4S whaia A}
date HAANA 7] DA l A et B Aol
73 9gE & Aozt ~%

== A
o E G ALeA A EAE %HEL Ao w22
DR2YeE BARL B4 Friks AEAY
o] BrAElS B AFoME BE 4 U £3]
sulindac> HT-204| ZFo A i F7EYE 2
st7b glo] Ao DNA £d3hehs fidshes 3l
o] 15 ¢, sulindac stage I M EAIE S F=3Htt
AR AEAPECAN BAEE n®8A 2719
DNA #43t= 39 7149 H3Fo] = DNAS 1L
2 49 9(oop domain)e] HA|d] &3 Ao F Holil,

Q9

% (high sal) 2.2 FZH oA Hol= o
A4 DNA 2438 443} 719 43 Zo= 4
CHT-20A4 E 0| A theksl xp=2o)| 93] Surd A
N Mz T2 42 DNAE AV #EE =

2 mFo] AlZAPE Y tE 24 7|Hdo] #AT
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