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AT 8 I TOV-21G2 TOV—-112D M|ZF7} O|BEUCH, MZE MEZ = MTT assay® YOI, MEXEAL=
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4t TOV-21G2 TOV—-112D0] flavopiridol2 MX|SIFE AR ME MEXE XX 2 LU AZH0| 9EXo =z

UASIATE 5 TUNEL assay@t annexin—V binding ©12Z flavopiridol x| &0 9
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cdkell AgHate] edkl, 2, 4, 69l 247 A 28-S 3,
EA = cdk-activating kinase (CAK)3! cdk7/cyclin HE- <]
Ake] cdkEo] threonine 160/16114] 314k} (phosph-
orylation)7} oJuA] St g sto] Al X719 A&
walshks o], AlAl= cdkde} cdk6®] HxelA}
(cofactor) ¢! cyclin D13} cyclin D3E Aol A &l

3K downregulation)A| A A E£571¢] z13)-& JA|sl=
70|tk Flavopiridol®] ©he 280 2% vascular

endothelial growth factor (VEGF) mRNAS] M43t &
o] BAPLE ellste 750] A w ThE F4T



Induction of apoptosis by the kinase inhibitor

7502 FoFA 28] Al EAE A apoptosis)E FESHE
2Rgo] Qlet. &, FA4EF A EF-2] HN30- bleomycin
o]} gamma-irradiation®l] &J8F A FEAPEAR} 2 dojuiz]
oFou} flavopiridol®] A= § AZAPEA} F-2% o)
WL o] o] A (xenograft) T F73HEF o]F
o] Alol| X & flavopiridol 2 #] %] ¥ Eof oA &35 B
913, terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) ZAF2 A| EAPEAL -
g sl

22}, flavopiridolel] & &+ A| FAPEAL Al A 244
< oPA7kA] s oA oA k. #HZe| ol
oJ3l P539) &l Abel Al E Wl Bel-2/Bax 53} 3%
Alglo] =2 S 2 flavopiridolel] &J &+ Al FAFHE ALz} vk
gty BaEglem ™ anti-apoptosis THAE<]
Mcl-1, BAG-1 5] #Jap7}F $:3%c}” 20031 Raju 5o
OCA-1 A8} A| £l 4 flavopiridol S+ $ A E7]
AR 9} AEAEAL -5 2 AR RIS (radiosensiti-
vity)o] F7Febe e S, Al EApEALe] it
A 714 el| thatod= caspase 32 W Z71uke 2Ale}o)
1P o A 7RA] kAt Al EFEA] flavopiridol o] ¢l
OJ3E A ZAPEAL frmeh 1 A7 Ao sl A o
24 A et

F o] w2 A Aol 4] flavopiridol - paclitaxel,
etoposide, cisplatin 5-2] dFot3}eA)| 2o} W ghFo] 3 A
F5A B} AFSER= ddo] B flavopiridol®] $
A A go] 7l glck P

ool = dAaGAH ZF A A2 dtsteA|
A 24 flavopiridol®] &J3HS dolR 7] $]351ed, flavopiri-
dol®] AMEAEA} i 2R3 obobr 312} sloirt. 53],
anti-apoptosis 53] Bcl-2, Mcl-1, Bel-Xi, X-linked
inhibitor of apoptosis (XIAP) 5=} pro-apoptosis 5+ 81
Bax, apoptosis-inducing factor (AIF) 2 caspase 3, caspase

o W55 A flavopiridol®] Al EAPEARE
sk AlsAddA 22 szt shoict

1. Mol 22|t Yt
whaxsh Al Z2F<l TOV-21G9} TOV-112DE American
Type Culture Collection (ATCC, Manassas, VA).S-Z4-E]
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T4k TOV-21G WHash Al E e A ps3s
&3}A]1E TOV-112D HAsh Al EF-= P53 exon 62] 175
arginine®] histidine -2 2|35 Eiwo]|dS Wt
£} 16

5% COy, 37°C 2 95% A3 k7] oA 100
unit/ml penicillin G2} 100 zg/ml streptomycin (Boehringer

ST =
"=

Mannheim, Mannheim, Germany), 15% fetal bovine serum
(FBS, Gibco/BRL, Grand Island, NY)°] %3l MCDB
105 medium®} medium 1992] 1 : 1 &3} wjFl(Sigma,
St Louis, M0)2-& T-75 cm’ culture flaskell 4] 4| E5-<
ekt

2. Ml XA

cdk JA|AIS] flavopiridol (Aventis Pharma SA, Paris,
France)2 dimethyl sulfoxide (DMSO)el] 5¢7 -70°Cel| K.
I3t ARS-skee). Flavopiridol® A %|8}7] 34 # ol
HBSS (Sigma), 0.05% trypsin (Flow Laboratories, Irvine,
UK) % 0.53 mM EDTA (J.T.Baker, Deventer, Netherlands)
o] &3 g9l °2 TOV-21G2} TOV-112D Hash Al E
Tl T AE RS 250xgell A SEE
T-75 em’ culture flask® A|E7} 1x1070] 5]
F-31o mljoksldn). A|9=%4] 7] (exponential
AZEE A wfste] ikl w2
flavopiridol-& Fo13te] ZAsISiTh

Flavopiridol *]%| F%+ A2 02 AAsl= Al £
Al cdk®] kinase TS 2142 0 2 A 5= flavopiridol
o] ICs ¥ the A=) flavopiridol %] F%5

o=
57_3]-9\:}\5]—,6’13’15

Z

3 ME MZ=EZ(cell viabilty)el A

TOV-21Ge} TOV-112D  wA4gh AlZFo] ot
flavopiridol®] ]2 Fe} A|7be] wE A|E HAE
microculture tetrazolium (MTT) assay = =73}t

25221 7]6ol| o) TOV-21G} TOV-112D 249k Al
FEE e 55 F ek | mig 1x10°0] HES A
¥ 555 A3} 96-well flat-bottomed tissue culture
plate (Costar, Cambridge, MA)®] well% 100 1 4 74z}
EF81] 37°C, 5% CO, vl F71914] 24417k whefatsiet.
o37]]l 50 nM, 100 nM, 300 nM, 500 nM, 1 ~M®] F=
2 flavopiridol S 22 2718 100 £219] i oF-2- well o]
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TOoRE :
(phosphate buffer saline, PBS)el| <591 MTT -$-2}[3-(4,5
-dimethylthiazol-2-y1)-2,5-diphenyltetrazoliumbromide] 20
W7k 37CANA 4470 B4 WA A, ol
FA NS Falsto] A wE] 3, kitell A Algete LAY
S-olal detergent reagent 100 15 H7}8}o] A2 o+
& 3ollM oF 2417 F9F HkSA171 ¥, ELISA plate
reader (Molecular Device, Sunnyvale, CA)Z 570 nmol|4]
1w 2 2o} A3 Ao THEE X
Fol F4uel vlaelo] ATES AZEE HEEH
o ke 7 AEFA 451 AR BTN T
ol

=S
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4. M| Z X A apoptosis) 2| A

1) TUNEL "

DNA -7 (fragmentation)] *J-S- TUNEL HH o2
ZAVsked =4, in situ cell death detection kit, Fluorescein
(Boehringer Mannheim)2- o]8-3}e] 433131tk TOV-
21G¢} TOV-112D 49t AEZFES F&sto] Lab-
Tek chamber slide (Nalge Nunc International, Rochester,
NY)ol| chamber 1x10°¢] A|EZ 2F3}3 37°C, 5%
CO, o7 ] 4] HhAY wljeFet %= flavopiridol-S A 3171 &
Loof| whe} A R|3har 244 7F 2 48417 2k wleksisic)
4% paraformaldehyde (pH 7.4)5 7}slod Ab-olA] 20
. PBSE 23] A|23}a7, 0.1% Triton X-100,
0.1% sodium citrate”} 3%l permeabilization £-2] 0.2
4°Co| A 287k 2] =] 5)9ie). PBSE thA] 23] A|=lgk =
terminal deoxynucleotidyl transferase (TdT)<} nucleotide
mixture S 37F5}aL 37°Coll A W& 2pekgh - 60471 vl
oflsicth. PBS® 33| AlHsta 1 & %
(fluorescence microscope) dtoll A A| EAPEALE Ak}
stek AZARA} Qo] ehe A2 A% e
$13}oq 4,6-diamidino-2-phenylindole (DAPI, Sigma) -}
& olgajie). Ashe 74 AZTA 3519) AFe
FllA) Pl

B7F 3A8E =

vl

2) Annexin V 34
%7] @AS] AEAPEARS Annexin-V-Flous staining
kit (Roche Diagnostics, Mannheim, Germany)&- ©|-£-5}1
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Flavopiridol 33| %13-2] TOV-21G¢} TOV-112D A
& AMEFES Eslo] Ak dArEE 1 mld]
1x10°9) Al E 47} 5|22 22 B-4-47) 31, 200xgell A
57t QA el - A S wElch o] 5 kitel| 4] Al
% | ml incubation buffer (HEPES buffer)°ﬂ 20 u1
annexin-V-Fluos labeling reagent®} 20 x1 propidium
iodide solutionZ ©]3}¢d W=zl annexin-V-Fluos label-
ing solution- 100 1% H7}she] W& et A2
Al 15487F wljeFssich. weke] k5% Fol = 500 119]
A7}k, annexin-V-Flouse}
=% FACSVantage SE
Flow Cytometer (Becton Dickinson)2 #3}<ic}. dlo]
Elo] A2
Lsfsict

incubation buffers ZH7}

propidium iodideol] <344

CellQuest software (Becton Dickinson)&- ©]

5. Caspase 3 &dx &4

Caspase 3 A E+= caspase 3 activity detection kit
(Upstate biotechnology, Lake Placid, NY)& ¢|-§-3}o =
A5}k

Flavopiridol %] A$-2] TOV-21G2} TOV-112D 4~
oF AEF 1x10°% 8tste] PBSE 23] A|H 3 F, 4°C
ol A 1587} lysis buffer [10 mM Tris/HCI (pH 7.5), 10
mM NaH,P04/Na,HPO, (pH 7.5), 130 mM NaCl, 0.1%
TritonX-100, 10 mM sodium pyrophosphate] = -8-3fj 5} 17
13,000 pmo2 1587k 94 #2]3 ¥ BioRad
Protein-Assay kit (Bio-rad Lab, Hercules, CA)E- ©]-8-3}%]
2] = 2 Aekstodr) Fluorometer cuvetteol] kitol]
Al -85l modified RIPA buffer [S0 mM Tris/HCI (pH
7.4), 1% NP-40, 0.25% sodium deoxycholate, 150 mM
NaCl, 1 mM EGTA] I mlE ¥ 5 DMSOol| £-3f4]7]
caspase-3  &3%7](fluorometric  substrate)dl 50 M
DEVD-AMC (Ac-Asp-Glu-Val-Asp-amino-4-methyl-coum
arin) & A7}8IAL cell lysates 200 1% EF-3510] 4°Coll
IR A | e L= A /‘1]7]t Fluorometer
(Molecular Devices Co, St. Louis, MO)E o]&3}o] =4
spoict. o]u] S-F-3} 4 (excitation wavelength)<- 380 nm
£, W& (emission wavelength) 460 nmE- ZH2} A}
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Induction of apoptosis by the kinase inhibitor

6. Western blot =4

Flavopiridol %] A$-2] TOV-21G2} TOV-112D 4~
SF A5 lysis bufferel] YL 4°Col|A] 3087t G-l
HEA] 8L 12,000 tpm o2 153-7F 944l Felsfe], 1 AF

NS Ao A3t

=% A 50 1gS- sample buffer [125 mM Tris-HCI
(pH 6.8), 20% glycerol, 4% sodium dodesylsulfate (SDS),
10% b-mercaptomethanol, 0.04% bromophenol blue]2} &
ghslod 1027F H#ola, 10% SDS- polyacrylamide gel
(Bio-rad Lab)ol|+] A} 150 V& A7]935A) 7} 4713

% o) A-S- PAGE transfer buffer (Amersham Life
Sc1ence, Arlington Heights, IL)E ©]-8-5}¢ 50 mA= 4°C
ol| 4] 347} 53} nitrocellulose membrane (Amersham Life
Science)oll %71 ¥, 5% blocking solution (5% fat milk)-S-
2 4°Col|A] 81540 5h-2-A]7] A Tris buffered saline with
Tween-202-2 Al A s}eit} 13} 31412 TBS-T bufferd]]

1:20001A4] 1 : 50002 5]43}0] Aol 4] 247} 0E-&-
Al7]3, TBS-T buffer® 33 A|&A3}1, horseradish
peroxidase Z§}F 22} FAl|(Jackson Immunoresearch, Bar
Harbor, MA)E- 1 : 5000°.2 3]A4j3}o] Al-2-of|A] 147k
HR-$-A]A, ECL kit (Amersham Life Science)& ©]-8-3}o]
Hyperflimel] 7+33-3}5ict.

17} Al Al zApd ket s i Sol| B3t 3
A 24 anti-p53 rabbit polyclonal Ab (Santa Cruz
Biotechnology Inc, Santa Cruz, CA), anti-Bcl-XL rabbit
polyclonal Ab (BD Pharmigen, San Diego, CA), anti-Bax
rabbit polyclonal Ab (Upstate Biotechnology), anti-Bcl-2
mouse monoclonal Ab (Upstate Biotechnology), anti-Mcl-1
rabbit polyclonal Ab (R&D Systems), anti-AIF rabbit
polyclonal Ab (R&D Systems), anti-XIAP rabbit polyclonal
Ab (R&D Systems), anti-caspase 9 mouse monoclonal Ab
(Upstate Biotechnology)E 217+ AH&-3Fict.

7. Mitogen activated protein (MAP) kinase &AM T &3
MAP kinase®] 4%+ non-radioactive MAP kinase
assay kit (Upstate Biotechnology)& ©|-8-3lo] ZAI5}ict.
Flavopiridol %] #13¢] TOV-21G2} TOV-112D W4~
oF AETE lysis bufferell 4] €8 4171 % 12,000 rpm-2-
21587 A Eeate] A Afrels gick o] AlE
F-frHof| anti-ERK (Santa Cruz Biotechnology Inc) &4

S 1w g GgollA 4A17F 5k WA 7] A, protein
A-Sepharose beadE- 100 11 7}t 1217} 54k 712
HES-AFith o] HEE-HS- 4,000 rpmell 4] oF 5E7F <
wel3le] A2 w23l protein A-HA-3HA 5
ol AAAE A2 T lysis buffers thA| H7}ste] A5l
A1 oF 1047F kA MES-A171 AL 914 el ek Al A 2]
< 43] k5-3k3it) Kitoll A A3~ assay dilution buffer
[ADB; 20 mM MOPS, (pH 7.2), 25 mM b-glycerol
phosphate, 5 mM EGTA, 1 mM sodium orthovanadate, 1
mM dithiothreitol]2} magnesium/ATP Cocktail (75 mM
magnesium chloride, 500 mM ATP)S 10 /14 &35}
20 1g2] MAP kinase substrate (dephosphorylated myelin
basic protein, MBP)& %7}t & MAP kinase preparation
ol AAAZ 100 1g YL 30°CellA] 2 EEA] 3087)
HhS-A 7k

dozl Hk-$-E-2 TBS-T buffer} sample buffers- 57}
gk 5 SDS-PAGE 3} 7]2] 3L western blot 45 4|
3317} Nitrocellulose membrane 0.2 #o]% whill 2l o]
HRSsh= 12} A 2A4] kitoll 4] A% mouse anti-human
phospho-MBP antibody & 1 : 20022 3]43}e] A}-4-3}
911, 27} A £ goat anti-mouse horseradish peroxi-
dase conjugated IgG (Jackson Immunoresearch)E- 1 : 2000

o F43le] AHgash

B AR a3 X (meanstandard devia-
tion) = 3}313L, TAEA #2014 £A1-> SPSS (version
10 for Window, SPSS Inc, Chicago, IL) Z2 1285 A}
3t9iem, pat> 0.05 °l3kd w felstctar sfsich
MTT assay2] Z 3= one-way ANOVAE- o|-§-5}o] 4
3fsich

!

1. Flavopiridol JHII Ttk MEFo MER

Flavopiridol X% 5%9} A|7HS ®W3A7]w MTT
assay = FAqt ‘ﬂi—r TOV-21Ge} TOV-112D A|E9]
AEEE 2432ckFig 1)

TOV-21G 49k Al ZFlA, flavopiridols Fo8}7]
ookl ol zsol| w3l flavopiridol 50 nM] %% FI=l]
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Fig. 1. Effect of flavopiridol on the viability of the ovarian cancer cell lines TOV-21G (A) and TOV-112D (B). Cells
were treated with flavopiridol at the indicated concentrations 24 hours after plating. At 24, and 48 hours after
treatment, cells were stained MTT, and the absorbance was read at 570 nm. Results were presented as percentage
of control which was calculated using the equation: (mean absorbance of treated cells/mean absorbance of control
cells) x100. Data were expressed as meanzstandard deviation (SD) from four independent experiments. *p<0.05 as

compared to corresponding control cells.

A= 47 2 487 AR B AR AEES] gk
Apol= sigtort, 100 nM OW/] Lol A= 48417 24|
g 7ol o5 A} Ahashe PSS BSickFig
1A). 24A17F AA| el A= thxar2) vl asste] 300 nM©]
A FEHE] Ao AEET}673+5.9%% EAACR
o3Il AHaslr] AJksto] 2] Gegel whet FAA L
2 fofepl AR g o 5 Adsithp<0.05).
TOV-112D gt AlEFo A%, 50 nM2] A% F=
M AE AEE] FoF Ao|= Ysiet 244171 A
2] 7+l A+ 300 nM-J A 2] FEHE], 48A17F A 2] Tl
=100 nM2] A #| FEAE o277} v|asie] AlE
o] AYE=rt iﬂl?‘t—i R 5 o d et A R R e
TOV-21G st Al 259} i x| 2 4% g5 2 A
2| A7kl whet frefsiAl AE=rt g o o 3%
tHp<0.05). 34, TOV-21G FAast Al ZF04] Al 22
RAEET}50% o)At 7FAg 712 500 nM o] A}e] FEZ
24417F A8 300 nM ]| R 484 7F 2]
gk 7J-9-0]¢l=d], TOV-112D wagh Al ZF56l| 4 &= 300
M OW«I FEolH 2421 7ko |} 48A17F FF A A|3h=

=
[e}

)

735 B 50% o] AlE AEE ARt vehtarn 2
<= A l FrolA e AEE 7F7) TOV-21GRT v
2 oFAS B flavopiridolel] i3} o =& 344 S
714 7102 velsitiFig. 1B).
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Contr0| . .
. A
L J

Flavopiridol
100 nM

Fig. 2. Ovarian cancer cell lines, TOV-21G (A) and
TOV-112D (B) labelled by the TUNEL method. Cells
were treated with 100 nM flavopiridol for 24 hours.
Nuclear morphology was examined under a fluoresce-
nce microscopy. Nuclei of apoptotic cells were green.
Live cells were totally blue without green spot. Original
magnification, x200.

2. Flavopiridolol| 2| sh =tof MZFe| MEXEAL RE
Flavopiridolel] &JgF 49k A5 TOV-21G} TOV-
112D2] A|ZFAPEAL F-25 dolr 7| 9]3}e] flavopiridol
<100 nM, 300 nM, 500 nM2] FE=2 2447k} 4847k



Induction of apoptosis by the kinase inhibitor

A
. TOV21G, Control . TOV21G, Control 2
10 30.0% 0.8% 10 30 1% 0.2%
10° 10°
T T
N 10 310
w w

0.2% 1.2%

10
Control
0 1 2 3 4 100 0 1 2 3 4
10 10 10 10 10 10 10 10 10 10
FL1-H FL1-H
TOV21G, 100-24 TOV21G, 100-48
10* 10*
0.3% 0.2% 0.1% 1.2%
10°
T
N10°
w
; 9.6%
N 10
Flavopiridol
100 nM
0 1 2 3 4 100 0 1 2 3 4
10 10 10 10 10 10 10 10 10 10
FL1-H FLT1-H
TOV21G, 300-24 TOV21G, 300-48
10'3
10’3
T 1
N10° g
W E
10"
Flavopiridol ]
300 nM ]
0 1 2 3 4 100- 0 1 2 3 4
10 10 10 10 10 10 10 10 10 10
FL1-H FL1-H
TOV21G, 500—24 TOV21G, 500-48
103
10°3
T
2
N10" 3
wo*;
Flavopiridol
0nM ]
100- 0 1 : 2 3 4
10 10 10 10 10
FL1-H FL1-H
24 hours 48 hours

Fig. 3. Induction of apoptosis by flavopiridol in ovarian cancer cell lines TOV-21G. Cells were treated with the indicated
concentrations of flavopiridol (100, 300, and 500 nM) for 24 and 48 hours, respectively. (A) for apoptosis, the
externalization of phosphatidylserine was assessed by measuring annexin-V-Fluos binding using propidium iodide as
a counterstain. Quadrant rectangular dot grams from a representative of 3 independent experiments is shown. (B)
DNA fragmentation were determined using terminal deoxynucleotidyl transferase for incorporation of fluorescein-
12-dUTP at free 3'-OH DNA ends (TUNEL assay). The percentage of TUNEL-positive cells was counted for each
condition at 40x magnification in five separate fields of at least 100 cells each. Data were expressed as the
meanztstandard deviation (SD) from three independent experiments.
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Fig. 3. Continued.

747t 44| g % Annexin-V %%} TUNEL %o
Annexin V 32 A ZAEARS] 2710 AxH WS
o )=]slichzt Al et 9] F 0 2 A 9] %] phospha-
tidylserines]] =2 X312& 7} A ¥} annexin
V-Flous®| A& o]-8-3F Al EAEAL 244 wiaolch %
7] A1 A ZAPEAL} 218 291 A Z= annexin-V-
Flousol| Rt 341 =] 3 propidium iodide 2 FA=A] =
HHH, $75A 2] Al ZAPEAR | Al Tl A 2w
AKnecrosis)7} 218 F9l A E5- annexin-V-Flous2}
propidium iodide 2 “§A| ol A= v, Ao} Q= A E=
o Aol & AR e TS vERdch
TUNEL "WHellA nuclear fragmentations 74|+
apoptotic body= 333 &v]7 3jel|x] HH o hx ¢
Aof| ©]5} apoptotic body”} $l= the Al E2] S A
Ao 2 AL hFig, 2). Al EAPEARY] percentage (%)=
A& ok $A9] oAl o] dvlst AlofellA 10074
o] Ake] Az} WA= 3 apoptotic nuclei®] SAFE X
gt
TOV-21G st Al EFelA] o] AAE 314 &
2 g F2Tol|A A Al EAPEARS] M Sk= annexin V
G el A YA /2T A EAPDAL A E/F7] A EA}
HAL A2 I E] FAJ o] 244743} 484 7F ek
3 99.0/0.2/0.8%, 98.5/1.2/0.2%= 217+ VFEPstar, TUNEL
o] Aol A & 24474} 4841 7F vl oF F- 0.940.2%,
14£0.7% % A EAPGAR} 242t s of djato] AL
AlEZ A= g1sl e 100 nM2] flavopiridol #] %]
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244178 FE A EAPEAPE WHAE] AlREsEe] 500
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Fig. 4. Induction of apoptosis by flavopiridol in ovarian cancer cell lines TOV-112D. Cells were treated with the indicated
concentrations of flavopiridol (100, 300, and 500 nM) for 24 and 48 hours, respectively. (A) For apoptosis, the
externalization of phosphatidylserine was assessed by measuring annexin V-Fluos binding using propidium iodide
as a counterstain. Quadrant rectangular dot grams from a representative of 3 independent experiments is shown. (B)
DNA fragmentation were determined using terminal deoxynucleotidyl transferase for incorporation of fluorescein-
12-dUTP at free 3'-OH DNA ends (TUNEL assay). The percentage of TUNEL-positive cells was counted for each
condition at 40x magnification in five separate fields of at least 100 cells each. Data were expressed as the
meanztstandard deviation (SD) from three independent experiments.
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Fig. 5. Activation of caspase 3 by flavopiridol in ovarian
cancer cell lines TOV-21G and TOV-112D. Cells were
treated with 500 nM flavopiridol for the times indicated.
Protein extracts were obtained from aliquots of cells
and assayed for caspase 3 activity using the
fluorogenic substrate DEVD-AMC.
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Fig. 6. The effect of flavopiridol on the expression of
apoptosis related proteins (AIF, XIAP, p53, Mcl-1,
Bel-X., Bcl-2, and Bax) in ovarian cancer cell lines
TOV-21G and TOV-112D. Cells were treated with
flavopiridol (100, 300, and 500 nM) for 24 hours,
respectively. Aliquots of cells were transferred and
protein extracts were assayed for western blot analysis.
The expression of actin were used as the loading
control.
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Fig. 7. Activation and processing of caspase 9 during
flavopiridol induced apoptosis in ovarian cancer cell
lines TOV-21G and TOV-112D. Cells were treated with
flavopiridol (100, 300, and 500 nM) for 24 hours.
Aliquots of cells were transferred and lysed in SDS
sample buffer and lysates were subjected to western
blot analysis with specific antibody, which recognized
the pro-form and the active cleaved form of caspase 9,
Mr 46 kDa and 34 kDa, respectively.
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Fig. 8. Flavopiridol-induced suppression of the activity
of ERK, MAP kinase in ovarian cancer cell lines
TOV-21G and TOV-112D. Cells were treated with
flavopiridol (100, and 500 nM) for 24 hours. Cell lysates
were immunoprecipitated with anti-ERK antibodies
before a further incubation with protein A-Sepharose
beads. These immune complexes were reacted with
myelin basic protein (MBP) as a substrate and then the
phosphorylated substrate was analyzed by immunoblot
analysis, probing with a monoclonal phospho-MBP
antibody.
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=ABSTRACT=

Induction of apoptosis by the kinase inhibitor flavopiridol in
human ovarian cancer cell lines

Soo-Young Hur, Joon-Mo Lee
Department of Obstetrics and Gynecology, College of Medicine, The Catholic University of Korea, Seoul, Korea

Objective : Flavopiridol that inhibits cyclin-dependent kinase, can cause cell cycle arrest, induce apoptosis in human
tumor cell lines. In the present study, we investigated apoptotic effects of flavopiridol and the underlying molecular
mechanisms in human ovarian cancer cell lines.

Methods : We used TOV-21G and TOV-112D cell lines. The cell viability was tested by MTT assay and apoptosis was
assessed by TUNEL assay and annexin—V binding. Western blot was used to examine apoptosis related protein levels.
MAP kinase activity was analyzed by non-radioactive MAP kinase assay kit.

Results : Treatment of TOV-21G and TOV-112D cells with flavopiridol (50 nM to 1000 nM) led to a dose- and
time-dependent inhibition of cell growth and survival. Dose-related induction of apoptosis was also observed in these
cell lines. Flavopiridol (500 nM) induced striking decreases in the levels of the antiapoptic proteins Mcl-1, Bcl-X,, and
XIAP in both cell lines. In contrast, expression of Bax, Bcl-2, and AIF was not significantly influenced by flavopiridol.
Although flavopiridol resulted in accumulation of p53 in both cells, flavopiridol mediated apoptosis was p53 independent
because it occurred to the same degree in TOV-112D cells in which p53 was inactivated by mutation. Flavopiridol treatment
resulted in enhanced cleavage of pro—caspase 9 and activation of caspase 3. Apoptosis was associated with suppression
of ERK activity.

Conclusion : Although the precise mechanisms of flavopiridol mediated cytotoxicity have not been fully defined, these
data suggest that flavopiridol has activity against ovarian cancers in vifro and is worthy of continued clinical development
in the treatment of ovarian cancer.
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