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Abstract

Ovarian cancer is included in ten leading cancer sites for the estimated new cases and
dead cases in female at Maharaj Nakorn Chiang Mai Hospital, Thailand. The advanced stages
(I and IV) of ovarian cancer have been reported to show a lower survival rate due to
resistance to chemotherapeutic drugs. This study investigated whether kuguacin J promote
cisplatin- and paclitaxel-induced cancer cell death in drug-resistance human ovarian cancer
cells (SKOV-3) and drug-sensitive human ovarian cancer cells (A2780). Cytotoxicity testing
showed that SKOV-3 cells were more resistance to cisplatin and paclitaxel compare to A2780
cells. The cytotoxicity of paclitaxel (PTX) was significantly increased when co-treated with
kuguacin J in SKOV-3 cells. We previous reported multidrug resistance ability of kuguacin J in
cervical cancer cells via the inhibition of P-glycoprotein, which also overexpress in SKOV-3
cells. However, the present study found that enhancement of PTX toxicity in the cells did not
involve with P-glycoprotein inhibition. We next further determined which mechanism that
kuguacin J increased paclitaxel sensitivity, the expression of cell death-involving proteins was
analyzed by Western blot analysis. The results showed that PTX treatment increased level of
anti-apoptotic protein, surviving, which may be involved with the drug resistance in SKOV-3.
The co-treatment of PTX and kuguacin J dramatically decreased level of anti-apoptotic protein,
survivin and markedly induced cleavage of PARP and caspase-3, which are apoptotic-induced
molecules. This finding might support the possibility to use kuguacin J as an effective
chemosensitizer in combination with conventional chemotherapy to promote paclitaxel

sensitization in ovarian cancer patients



UnAnga
uniiiilidaeglu 10 duduuwsnvesnnngnananuwaznduaingnransluwendgs
a [ 1 U =3 Qo 1 dl a o

o lawenuaannouesdodlni deznalng wudgihouaseislize:n 3 waz 4 fidon
miiitinteanduitasnannmifedesiaitde  nwissiaulanazfnminnnduamunm
a £ o @ a . X . ' & o vad (Y '
Wugnivessalithiasiia cisplatin waz paclitaxel lwnssnsaauzi5959 linaas larsaly
1 6 |¢i/ a d‘v 1 = 1 g: a dl =1 Qs 6 = Q |dl 1
lagnuinoassdluaasnsiia SKOV-3 dasdatnainaninisassiatlaifsunuioasuztsosslunly
faenTha A2780 uaztlay¥inmIuuLwas SKOV-3 Tannusadiindauas qﬂ’ns'fmm WU 7

a ~ 56 ' . ' 1 ' . . g !
ndwaluiungntlunisdaaduas paclitaxel wdlailinasa cisplatin Waifisuiunguaiugw
mﬂmiﬁﬂmﬁau%ﬁwﬁmwudﬁqmw%um ldaanshasn paclitaxel luu:ﬁamﬂmg}ﬂimmi
% g; o L ‘é a Y, v 1 Q
gugInsiwuesinaslalysdn - Seldsfuaiiafiinnsuaaseanle  SKOV-3 GRIRHIR AN
QI QF ~a e 1 =)
agnalsfimmanmmesaswuimaiugndzes  paclitaxel  lasnnnduialuvziieisliia
skov-3 il ldrumsdugimavhausesiinaslalsdu 3sldvinmsdnsnalnrasmnnauie
nldinanalizes SKOV-3 daen paciitaxel lasgnisuaadaanvaslisduiiiornunismeves
WIAR NNNNINARaINLINNaNMILNDA] SKOV-3 $IuAL paclitaxel 9¢352@Uv@d survivin
& A 4 ) ' A o ' a | Y . & '
galwllafisuiunguaiugu udilayimadunnnduaiiuiy paclitaxel Twaad SKOV-3 wui
JLAUTAY survivin aeadlilaiiBuAUN§uITAsNLNGIY  paclitaxel IWB9DENADY wANANDEN

a Q nl Q A | { U
ANTWEI lIANTEAUY89 cleaved-PARP uas cleaved-caspase-3 mLﬂuIﬂsﬁuﬁm:@;umimﬂ
vodTaRLULazNanlada nnsansITuaisiazildiAuum liluizfnsuasiauni

a Q Y U Qs Qs = > " v o Q d 1

AMNTu  wIaasana luuzsziun Wltswnumtnsnuasis ldsnaiithte  Sienaazane

‘ﬂq’ 1 A o g o v Qs = Qs 1 a a ‘3’
fANIINfAaIONLILA ‘Y]’]I%ﬂ’]iiﬂifﬂ&IZLS&?GVL?I&Iﬂizﬁ‘Y]ﬁﬂ’IW&I’m?J%



swalasans : MRG5580128

2

A o & A & o AL a a &y &l
ﬁa‘[ﬂ‘i\‘]ﬂqi : ﬂavlﬂﬂf]iﬂuE]\‘iﬂ’]iL"i]ﬁfy?la\‘illzLiﬂiﬂvL?lﬂ@aﬂ’]sﬁﬁwaq(ﬂul(ﬂEla’]ii(ﬂ'ﬂﬂaiﬂuaﬂ@l‘ﬂ

aﬁ'@"lﬁmﬂu:iz‘ﬂun“ﬁﬁ@qmw%um

L% >

AWNIAY 1 WIIRNINTFI NINTT

2.

fINA MAITITIUAN AUSUNNYANFNT URIAINLIRULTI LN

E-mail Address : pornsiri.p@cmu.ac.th, pitchakarn@live.com

izﬂzlﬂﬁ'ﬂ:ﬂi\‘lﬂ'ﬁ 11 NINJIaN 2555 — 31 ey 2559



¢
mqﬂs:mﬂwaafmams

2

iNadnEINaTad Kud daandhdasadiintdasiia PTX Dox way Cis Uaduzi3e39 linaasia

—_

A o b

HILANUIUA

2. I1NafNIINaTY Kud diannulisasn PTX Dox Wa Cis MbmIgugInniaauasnzt3assla

2

A 1 A o L3
NnaaaagItalLILN
3. Lﬁﬂﬁﬂ‘]ﬂ’mﬂﬂla\‘i Kud @iﬂﬂ??llvl{]@iﬂEJ’]Lﬂﬁﬂ?ﬂ@luﬂqiﬂizﬁuﬂ’ﬁ@nULLUUE]ZWE]WI@]%&‘UENN&%G

>

AL, A o @
T linaasdagaiinge
4. 1NaANEINATRY Kud fan1Iugadaanaadldsauniiaitainun1siiiean Lasnsansuulay

wawladaluuziSeTi Minaadasiiaiiniie



Aad
1IDNAK[DY

N1INA[DIN 1 NIANEINALDY Kud 811aiiniiasiea PTX Dox waz Cis Twn138uss

Aa A I & a P s a
mssatdulavannasnziSeselinaesuazlinaalaais 3-4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazoliumbromine (MTT) Assay

1. %LTa8 A2780 CAOV-3 uae SKOV-3 Lw1ziaedlu 96 well plate $117% 2,000 Loas/

Wau 7 37 °c 1w 5% CO, incubator tHuaan’ly 24 F7lws
eaa

2. L@U2IMIRLNLTRaNY Kud gtaliiintasiia PTX Dox Waz Cis NAMUduduens o
[ &1 & <
winyuisaadatduian 48 Tlu9
3. Waasunanlt micropipette g@]mmuﬁmma@?aaﬂ 100 LU/well LRGN MTT-dye
solution U3unak 15 Wiwell usasiusaasaiuin 4 Talas
4. 14 micropipette @J@mmnﬁwfﬁaéaamu%m WeLAN DMSO Y3unm 200 LLiwell
' 6 & = o &R ' @ . . )
vawaaiduig 10 Wil udAsmaumIazansudaznqueln micropipette Wiy
TAMIQANALEIAIE ELISA reader (ANNE1IAR% 540 nm uazld 630 nm 1iu
A1871984)
o | AAA & . a [ A &
A wAaaNNINTInTaVaNTaR  (%Survival) sunurauiiduganiugy
losfmualdganiuguil %Survival il 100%

% Survival = @388 OD NNMRUNaFaY X 100

fLafe OD IMNAFNAILANY
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mssnaazisTildnnanagaiiiig
1. 1wwas A2780 CAOV-3 Waz SKOV-3 twziasdlu 96 well plates 7431 2,000
\iad/man 71 37 °C lu 5% CO, incubator uiian 24 Talus
A & ea A Ao o A v o Aa A A
2. @uamsRsamaandsaditenanudutiudeg lwazniinielddl Kud 1ol
UARZARY (El,ﬁmml,ﬁwiuq@ﬁ'mmaa DMSO slumjumaamamqwmquﬁmmwﬁu
A 1 6 1 Id )
waeliin 1%) unirasaaiiuiian 48 T2l
3. Waasunanld micropipette g@]m%’mammaﬁ’aaﬂ 100 LU/well LRGN MTT-dye
solution U3unak 15 Wiwell usasiutsaasatdua 4 Talas
4. 1% micropipette gAaMNIRBILTARDANIUKAA UAILGN DMSO UIanak 200 Liliwell
' 6 & a v &R ' [ . . v o
vamasiduiann 10 Wil uiIanaumIazansudazngudis micropipette udatnly
M IANAUUFIAIY ELISA reader (ANNE1IAAU 540 nm uazld 630 nm 1w

A1871984)

o | AAA & . a [ A &
AMBITHAIDAIINIINDIATDAVDILTAR  (%Survival) LﬂUUﬂU%Q&MLUWQ@ﬂ’mQM

I@Uﬁmu@lﬁq@muquﬁ %Survival 134 100%

% Survival = A1La88 OD NNRIUNATOU X 100

fLade OD IMIMARNAILAY
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12.

13.

14.

radnziSeSolifiaesn (SKOV-3 uaz CAOV-3) uazlsinasn (A2780)
R TasNzS9Ss e A2780 CAOV-3 waz SKOV-3 1u 6 well-plate (5 X 10°
celliwell) 71 37 °C Tu 5% CO, lwaan 24 Gl
AuLmasaniudnsdas PBS # 10,000 rpm, 4 °C win 2 wift 3 a9
lFaasuandls lysis buffer (10 mM KCI, 1.5 mM MgCl,, 2 mM PMSF, 10 mM
Tris-HCI, pH 7.4)
inliui 12,000 rpm, 4 °C, 10 W17 LAILAY supernatant
inldsudlalsausunmlysaudaeds Bradford
inldsiuildanmsuanioas (10 pg/iane) lusnanuaniadas 10% SDS-PAGE

fne 1136 1aNwalaa LU nitrocellulose membrane

b

11 nitrocellulose membrane vlﬂ?jzﬁ’m 5% skimmed milk tHwan 1 %’JING

v v

qm%{]ﬁﬁaamamm 0.1% Tween-PBS 5 ﬂ‘%‘;\‘i ﬂ%\‘iaz 5 %’]ﬁ

L@ primary antibody; anti-P-gp inluvudt 4 °c 1w 16 T2l

1968 0.1% Tween-PBS 5 A31 3982 5 w17l

@3 second anti-body ; anti-mouse IgG linked to peroxidase Juaan 2 %L?ISJG “71I

v

DIWANNRDI
] Q
819978 0

1% Tween-PBS 5 39 A398 5 w17

> = e a v :’ . ® . . .
Jamsusadaanvasinaslalusdulasldsinen Supersignal  protein detection kit
(ECL)

NN lasAT scanning densitometry
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MINARDIN 4 NIIANBINAVDI P-gp modulator BRA Ver @amalidasn PTX 1uwn1s

v <& a ® o A4 o @ A
fugan1siesavasuzseselinfadasaiiintnaia SKOV-3
o & = oW e A & o
1. dusadunieiliuysdaamaiia SKOV-3 iwnziasslu 96 well plates $113% 2,000
\iad/Man 71 37 °C lu 5% CO, incubator Luiian 24 Talus
A & ea A Ao o A v o Aa A =
2. WuamsRsamaandsaditenanudutudeg luanenivsalud ver Tulu
UARZARY (El,ﬁmml,ﬁwﬁuq@ﬁ'}waa DMSO slumjumaamamqwmquﬁmmwﬁu
A 1 6 1 Id )
waeldiin 1%) uniasaaiiuiian 48 T2l
3. Waasunanld micropipette g@]m%’mammaﬁ‘aaﬂ 100 LU/well LRGN MTT-dye
solution U3unak 15 Wiwell usaviutsaasdaiduia 4 Talad
4. 1% micropipette gABMNIRBILTARDANIUKAA UAILAN DMSO UIanak 200 Liliwell
' 6 & a v &K ' (Y . . )
vumasiduiann 10 Wl ui3anaumIazansudazngudis micropipette udan 1y
AN IQANAUURIFIY ELISA reader (ANNE1IAAU 540 nm uazld 630 nm 1w

A1871984)

o @ AAA & . a [ A &
AMBITAIDAIININDIATDAVDILTAR  (%Survival) LﬂUUﬂU%Q&MLUWQ@ﬂ’mQM

I@Uﬁmu@lﬁq@muquﬁ %Survival 134 100%

% Survival = A1La88 OD NNRINNAROU X 100

fLade OD IMMAFNATILAY
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MINARBIN 5 MIANEINATEY  Kud 3wnu PTX  lwansgiugenisiasawes

® o 1 ‘3 a a a . M .
IaaNzi599 1 faurianita SKOV-3 laa3s Microscopic evaluation

o & Vg

1. dwasNztTeTe Miaesiia SKOV-3 1wnziaed 6 well plates 3743% 250,000 Leﬁaﬁl‘m@u

7 37 °C 1w 5% CO, incubator tHwa 24 T2l

2. ANawIaBsTas T sedtTarie PTX fianududu 0 75 uaz 100 pM lunnsid
wioldd Kud flaududu 20 usz 30 pM lluudazngn (danududugarinovas
DMSO MugwmaaaLLawqwmuqmﬁ@hwhﬁ'uuaz"l,&il,ﬁu 1%) vnisaadalduiia 48
72134

3. Lfiamunmv‘hmsmUm‘wmﬂ@Tﬂﬁ@dﬁ;ﬂﬂiiﬂﬁﬁﬁﬁﬂﬂW 100 W&z 200 LYIN@NENAL

A o % ed 14 & & W a o |
Lwaa\‘im(ﬁ!aﬂﬂmﬂLﬂaUuLLﬂa\‘i"uadLTRE)&J:LNNVL“U Lﬂiﬂunuluu@lazﬂ"ﬁ'ﬂ@ﬂaﬂ

N1INAaIN 6 MIANEINAYEY Kud 5wnu PTX Tunsdugeinansvasiaad in

® o { A
LERANZI5959 N Ao a1nia SKOV-3

1. duraduzieislihonsiia SKOV-3 1wnzided 6 well plates $13% 250,000 LBAS/MaN

7 37 °C 1w 5% CO, incubator tHwa 24 T2l

=y

2. duewsiasarmasndoalitniania PTX finnududs 0 75 uwaz 100 pM lunnazitd
wioldd Kud fimnududu 20 uay 30 uM "Lﬂslmwiawgw (Wanududugaroves
DMSO 1%%@%1’1@1&8\‘1LLﬂ:ﬁEﬂ&lﬂ’J‘Uﬂ@Jﬁﬁ’]LﬁﬁﬁuLLavaﬁLﬁu 1%) vuisaaaaidwiian 48
Tl

3. fensunavhmsiivimasiniiudnsday PBS # 10,000 rpm, 4 °C win 2 Wl 3 a9
IMNUWINTLEY 70% methanol WiULaE IR -20 °C (i 16 T2l

4. m3faNtnanele propidium iodide (Guava® cell cycle reagent, Guava Technologies,

Hayward, CA, USA)
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N1INA[DIN 7 N3ANEINaYaY Kud 32401 PTX @an1standaanuad Survivin

10.
11.

12.
13.

14.

15.

16.

Y

% 6 ® o 1
PARP Laz cleaved-caspase 3 twszaulisfnluinasuzisesolinae

g1%iia SKOV-3 laa 35 Western blot analysis

WuraaNet3I39liaasnsiia SKOV-3 Lw1zlass 6 well plates $1173% 250,000 maﬁ/%@u

7 37 °C 1w 5% CO, incubator tHwa 24 T2l
FUDMNIREL TS AT ELeTTNTATRe PTX fianuidudu 0 75 waz 100 pM lunnsid
wioldd Kud flaududu 20 usz 30 pM lluudazngn (danududugarinovas
DMSO MugwmaaaLLawqwmuqmﬁ@hwhﬁ'uuaz"l,&il,ﬁu 1%) vnisaadalduiia 48
T2l

Woasunanmiumasuniiuansdas PBS 7 10,000 rpm, 4 °C win 2 wift 3 A%y

M liaasnanalg lysis buffer (10 mM KCI, 1.5 mM MgCl,, 2 mM PMSF, 10 mM Tris-
HCI, pH 7.4) Twihuds 30 wf

i luiTug 12,000 rpm, 4 °C, 10 W19 WAALAL supernatant
inluseuilelusadsunmlysiuee3% Bradford

ildsduildanmsuanioas (10 pglane) luonanauwwiadas 10% SDS-PAGE
frelys@uannunas lUun nitrocellulose membrane

11 nitrocellulose membrane baedae 5% skimmed milk LJuian 1 fﬂm ﬁaqm%n“ﬁ K
81968 0.1% Tween-PBS 5 A33 A3I8z 5 wifl

L§ia primary antibody; anti-survivin, anti-PARP W&z anti-caspase 3 antibody ﬁ"leﬂ‘LiﬂJ‘ﬁ 4
°c \fuwna 16 Talug

19618 0.1% Tween-PBS 5 A1 assaz 5 wafl

L§ia second anti-body ; anti-mouse IgG linked to peroxidase %38 anti-rabbit IgG linked
to peroxidase 1waa 2 Falwg ﬁ'qmﬁgﬁﬁaa

819628 0.1% Tween-PBS 5 33 @398 5 W

>3 A g = v g/ . ® . . .
Jamsurasaanvasinaslalusdulaslsiingn Supersignal protein detection kit (ECL)

AR KA a3 scanning densitometry
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NAaN1INAaaIN 1 msﬁnwwawmmmﬁmum%ﬁﬂ Cis, Dox, PTX ttaz KuJ ‘I‘Hﬂ'ﬁﬂ‘ﬂﬂ\‘l

mssadulnvasinadaz5esalinita SKOV-3 CAOV-3 uaz A2780

mnmsnasaullisuiisunsaasaiitniasfia Cis Dox uaz PTX luwaduziseisliviia
f88n SKOV-3, CAOV-3uaziaasuz595slufilisdesn A2780 wuinnavaseafiintians 3 afia
dolmaduziSe3olidesnafia SKOV-3 e IC, tinfiu 100 M, 12 UM wazannnin 100 uM
anudey luawianes Kud datasuzisesladasnaiia SKOV-3 {en ICy, 11Ny 40 uM &9
Ltamwamsﬂﬂaaﬂugﬂﬁ 1-4

navassafitnTaniia Cis Dox uaz PTX dowmasuz3esslifasnsiia CAOV-3 i IC,
WinAL 33 pM, 95 nM Kaz 35 UM ANNE1AL MEIBHAVY Kud A ICs LYNAL 30 UM ASUEAINE
msnmaaa‘l%gﬂﬁ 5.8

Hava9LARINTATRA Cis Dox uas PTX dalmadusisessladasnafia A2780 Hd1 IC., 1inru
20 uM, 54 nM Uaz 26 nM NANGU LazluaInNaVad Kud U6 ICs, LYinAL 18 uM ASUEAIHANTS

naaaslngii 9-12

100
IC,, =25 uM
E 75 - IC,, =100 pM
3
IE
> 50 -
3 —
25 -
X

0 50 100 150 200 250 300 350 400
Cisplatin concentration (uM)

s 1 wazaspuafithtazdia Cis Ainududu 0-400 pM  dansduaInnasydulazed

ANzt liuysdriiafan (SKOV-3)
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% cell viability

o

] L] ] L] ] L] ] L] L] 1

0 10 20 30 40 50 60 70 80 90 10
Doxorubicin concentration (uM)

s 2 wazessnafitndazfia Dox NaNuTudu 0-100 pM - dansduginsadyidulavas

ANzt luusdriiafa (SKOV-3)

100
—
> 79 1
= IC,, =6 pM
E 50 - IC,, > 100 pM
>
8 25
X
0

0 10 20 30 40 50 60 70 80 90 100
Paclitaxel concentration (uM)

5UN 3 wavaspnafitndaziia PTX fianudindy 0-100 pM  dansgugimsaiyidulavas

ANzt liuysdriiafa (SKOV-3)
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100 IC,, =30 pM
k1-——.—_‘\_\ G, = 40 pM
275 -
S
S 50
>
8 25 -
x
0 ] ] L] ] 1
0 10 20 30 40 50

Kuguacin J concentration (uM)

JUN 4 Wawes Kud finnududu 0-50 pM dansduginaaigifvlaveisadua3eislduysd

wHad0tn (SKOV-3)

100

~
)

N
(3))

—a

% cell viability
()]
o

0 1 I || | 1 1 1 1
0 25 50 75 100 125 150 175 200

Cisplatin concentration (uM)

sUN 5 wazespuafithuadia Cis Ainududu 0-200 pM  dansduaInsasydulavad

imadNzi eI luysdriiafan (CAOV-3)
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100
IC,, =55 nM
IC., =95 nM
75 i 50
IC,,=35uM

N

% cell viability
N 4))
(4} o

0 L] L] I ] L] L] L] L] ] 1
0 20 40 60 80 100 120 140 160 180 200
Doxorubicin concentration (nM)

sUfi 6 wazaspnafitndazfia Dox enuidudu 0-200 nM - danisguginsaiyiivlavad

imadNz eI luysdriiafa (CAOV-3)

100
IC,,=5uM
75 - IC,, =35 uM
E
S 50 -
>
8 25 - .
o\° -
0

0 10 20 30 40 50 60 70 80 90 100
Paclitaxel concentration (uM)

sUN 7 wavessnefitndasiia PTX fianudndu 0-100 pM  deanisgugimaaigifvlavad

Nz IS luysdriiafa (CAOV-3)
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~
)

N
(3]

% cell viability
S

0 10 20 30 40 50
Kuguacin J concentration (M)

3UN 8 wavad Kud Aanuidutu 0-50 pM damidussnmsaigiaulaveuaasuniadsliuysd

THahasn (CAOV-3)

100
IC,, =15 uM
IC,, = 20 pM
:‘? 75
=
S 50 -
>
8 25 -
(=]
S i —il
0

0 25 50 75 100 125 150 175 200
Cisplatin concentration (uM)

5UN 9 wavaspuafithtazdia Cis fiadnuidudu 0-200 pM  densguaIninasyidvlavad

imadNz TS luysdriiadan (A2780)
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IC,, =15 nM

~
(3

IC,, = 54 nM

% cell viability
N ()]
(3 o

0 ] L] ] ] ] L] ] 1
25 50 75 100 125 150 175 200

Doxorubicin concentration (nM)

o

31U 10 wazassnafitndaziia Dox Nenududu 0-200 nM - danisgugimsadyidulavad

iraanziiiT linusdriiafam (A2780)

100 IC,, =10 nM
IC,,=12 nM
:é.. 75 -
.-E
8 50 -
>
2 25 - . —.
o
0 1 | 1 || | | | 1 | | | 1

0 10 20 30 40 50 60 70 80 90 10
Paclitaxel concentration (nM)

35U 11 wazassnafitndasiia PTX fiannududy 0-100 nM - danisgugimaaigifvlazad

Nz IS luysdriiafa (A2780)
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100

75

50

25

% cell viabili

0 10 20 30 40 50
Kuguacin J concentration (uM)

3UN 12 Hawes Kud finnadudu 0-50 pM damadussnmsaigiaulaveuaasuziadsliuysd

sHafasn (A2780)

@139 1 wd@asa1 IC, uaziIC,, Va9gadinlazia Cis Dox PTX uaz Kud lu
& & V. ¢ a & & & eV &
i a3 luysdriiafan (SKOV-3 uaz CAOV-3) uaziaranaziiasa liuy e

whalaifas (A2780) uszuzinan 48 Talus

SKOV-3 CAOV-3 A2780
Treatment
ICZO ICSO ICZO ICSO ICZO ICSO
Cis 25 uM 100 uM 10 uM 33 uM 15 uyM 20 yM
Dox 5uM 12 yM 55 nM 95 nM 15 nM 54 nM
PTX 6 uM >100 pyM 5uM 35 uM 10 nM 26 nM
KuJ 30 uM 40 pM 20 M 30 uM 10 pM 18 M

A v @ A o & A a & = [y
|C20 e ﬂ')qlll,"llll“llu"llﬂﬂﬁfﬁﬂﬁqlrﬁﬂUUE]\‘iﬂ'ﬁL"i]'ifyL@]UI@]T@GLGﬁaasz‘SG‘l@ 20%

A v @ A o & A a & = [y
|C50 e ﬂ')qlll,"llll“llu"llﬂﬂﬁfﬁﬂﬁqlrﬁﬂUUE]\‘iﬂ'ﬁL"i]'ifyL@]UI@]T@GLGﬁaasz‘SG‘l@ 50%
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(SKOV-3 uaz CAOV-3) uaztnaanziSesoldilaitiasn (A2780)
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Abstract

Ovarian cancer is included in ten leading cancer sites for the estimated new cases and
dead cases in female at Maharaj Nakorn Chiang Mai Hospital, Thailand. The advanced stages
(III and IV) of ovarian cancer have been reported to show a lower survival rate due to
resistance to chemotherapeutic drugs. This study investigated whether kuguacin J promote
cisplatin- and paclitaxel-induced cancer cell death in drug-resistance human ovarian cancer
cells (SKOV-3) and drug-sensitive human ovarian cancer cells (A2780). Cytotoxicity testing
showed that SKOV-3 cells were more resistance to cisplatin and paclitaxel compare to A2780
cells. The cytotoxicity of paclitaxel (PTX) was significantly increased when co-treated with
kuguacin J in SKOV-3 cells. We previous reported multidrug resistance ability of kuguacin J
in cervical cancer cells via the inhibition of P-glycoprotein, which also overexpress in
SKOV-3 cells. However, the present study found that enhancement of PTX toxicity in the
cells did not involve with P-glycoprotein inhibition. We next further determined which
mechanism that kuguacin J increased paclitaxel sensitivity, the expression of cell death-
involving proteins was analyzed by Western blot analysis. The results showed that PTX
treatment increased level of anti-apoptotic protein, survivin, which may be involved with the
drug resistance in SKOV-3. The co-treatment of PTX and kuguacin J dramatically decreased
level of anti-apoptotic protein, survivin and markedly induced cleavage of PARP and
caspase-3, which are apoptotic-induced molecules. This finding might support the possibility
to use kuguacin J as an effective chemosensitizer in combination with conventional
chemotherapy to promote paclitaxel sensitization in ovarian cancer patients.

Keywords: Ovarain cancer, Kuguacin J, Chemotherapy, Paclitaxel, Drug resistance



1. Introduction

Ovarian cancer is a major cause of death among gynecological malignancies. In 2007,
there were 4,919 cases of new cancer at Maharaj Nakorn Chiang Mai Hospital. From the
report, ovarian cancer is included in ten leading cancer sites for the estimated new cases and
dead cases in female. Ovarian cancer at its early stages (I/II) is difficult to diagnose until it
spreads and advances to later stages (III/IV). This is because most symptoms are non-specific
and thus of little use in diagnosis. Surgical treatment may be sufficient for malignant tumors
that are well-differentiated and confined to the ovary. Addition of chemotherapy may be
required for more aggressive tumors that are confined to the ovary. For patients with
advanced disease a combination of surgical reduction with a combination chemotherapy
regimen is standard.

Chemotherapy has been a general standard of care for ovarian cancer for decades,
which highly variable protocols depends on the histology of the tumor. There has been some
improvement in the survival time since the introduction of platinum (Cisplatin or
Carboplatin) and Paclitaxel therapy. However, the success rate of treating women with
advanced, recurrent, or persistent ovarian cancers has remained largely unchanged for four
decades (Dunton, 1997). Therefore, there is a need to consider the use of second-line
chemotherapeutic options for this cancer (Gershenson et al., 1998; Markman et al., 1998a;
Markman et al., 1998b; Rose et al., 1998; Shapiro et al., 1996; ten Bokkel Huinink et al.,
1997).

Chemoresistance is the importance cause of treatment failure in cancer patients and bring
about to patients death. Resistance to chemotherapeutic drugs could occur by primary
resistance that cancer cells already resisted before therapy or acquired resistance which
cancer cells adjusted to survival during drugs treatment. (Wilson et al., 2006) Many drug-
resistant mechanisms of cancer cells have been previous described that difference in cancer
type and chemotherapeutic occurs drug-resistance by difference mechanism.(Hamilton and
Rath, 2014; Kigawa, 2013) Drug of choices for ovarian cancer patient is platinum-based
combined with taxan, thus the resistance mechanism in this cancer type might be involved
with decreasing of drug concentration in the cancer cells, increased DNA repair mechanism
and deregulation in apoptosis pathway. (Kigawa, 2013) Reduction of drug accumulation in
the cancer cells can be caused by decreased drugs uptake or increased drugs efflux. Water-
soluble chemotherapeutic drugs such as cisplatin and nucleoside analogs can transports
across cell membrane using transporter or carriers, thus decreased of transporter expression

or mutation of the carriers would results in impair drugs uptake and develop chemoresistance.



Hydrophobic drugs such as paclitaxel, vinblastine, doxorubicin and etoposide are freely
across the membrane, the activation of active drug-transporters play a critical role to decrease
drugs concentration in the cells. (Ambudkar et al., 2003; Hamilton and Rath, 2014)

Apoptosis is program cells death regulated mediated by extrinsic pathway, activation
of death receptors and intrinsic pathway, release cytochrome C to cytoplasm. Therefore,
deregulation of these pathways can reduced chemotherapy sensitivity in cancer cells.
Inactivation of pro-apoptosis molecules, Bax, Bak, Bid, Bim and Bad and activation of anti-
apoptosis molecules, Bcl-2, Bcel-xl, Mcl-1, XIAP, cIAP-1 and survivin could promote
resistance to apoptosis is the importance mechanism in drugs resistance cancer cells. (Huang
and Sadee, 2006) Up-regulation of anti-apoptosis, Bcl-2 and survivin and down-regulated
pro-apoptosis molecules, Bax enhance paclitaxel resistance in ovarian cancer cell line. (Ling
et al., 2004; Liu et al., 2014; Zhan et al., 2015)

Momordica charantia or bitter melon has long been used in various Asian traditional
medicine systems and is commonly consumed as a vegetable (Giron et al., 1991; Lans and
Brown, 1998). Anti-cancer activities of bitter melon extracts against lymphoid leukemia,
lymphoma, choriocarcinoma, melanoma, breast cancer, skin tumors, prostatic cancer,
squamous carcinoma of the tongue and larynx, human bladder carcinomas and Hodgkin’s
disease have been reported (Basch et al., 2003; Battelli et al., 1996; Ganguly et al., 2000;
Licastro et al., 1980; Ng et al., 1994; Sun et al., 2001). We previously reported that bitter
melon leaf extract (BMLE) increased the sensitivity of cervical carcinoma KB-V1 cells to the
chemotherapeutic agent vinblastine (Limtrakul et al., 2004), inhibited invasion and migration
of an androgen-independent rat prostate cancer cell line (PLS10) in vitro while decreasing
lung metastasis in vivo (Pitchakarn et al., 2010) and suppressed the growth of an androgen-
dependent human prostate cancer cell line (LNCaP) in vitro (Pitchakarn et al., 2011b). Using
bioguided fractionation, we identified the active component of BMLE as kuguacin J
(Pitchakarn et al., 2011a; Pitchakarn et al., 2011b). We found that kuguacin J inhibited P-
glycoprotein-mediated multidrug resistance (MDR) leading to increase sensitivity to
vinblastine and paclitaxel in KB-V1 cells (Pitchakarn et al., 2011a) and caused G1 arrest and
induced apoptosis in human prostate cancer LNCaP cells (Pitchakarn et al., 2011b). Therefore,
kuguacin J might be a promising candidate new chemopreventive and chemotherapeutic
agent for cancer therapy. To provide a basis for the use of kuguacin J as a chemotheraputic
agent for drug resistant cancer, this study investigated whether kuguacin J could enhance

sensitivity of chemotherapeutic drugs, cisplatin and PTX, in a drug-resistant ovarian cancer



cell line (SKOV-3). This study will support the possibility to use this compound as an

effective chemosensitizer in combination with conventional chemotherapy for cancer patients.



2. Materialsand Methods
2.1 Plant material

Leaves of bitter melon were collected in Lampang province, Thailand. A voucher
specimen (BKF no. 15602) has been deposited at the Forest Herbarium, Department of
National Park, Wildlife and Plant Conservation, Ministry of Natural Resources and

Environment, Bangkok, Thailand.

2.2 Extraction and purification of kuguacin J

The fresh leaves were dried at 30 — 45°C, and then were ground. Dried powdery plant
samples (1 kilogram) were extracted exhaustively with 4 liters of 80% ethanol by maceration
at 37°C for 16 h. The mixture was filtered and re-extracted with 4 L of ethanol. The
combined filtrate will be bleached with 160 g of active charcoal, filtered and concentrated by
rotary evaporation to 120 ml before filtering to remove precipitates. The filtrate will be rotary
evaporated and lyophilized. 100 g of residue (BMLE) will be re-dissolved in 1 L of 50%
methanol and successively partitioned with hexane, diethyl ether, chloroform, ethyl acetate
and an aqueous layer.

The diethyl ether fraction was separated by column chromatography. The diethyl
ether extract (15 g) will be separated by column chromatography over silica gel (Merck, 70-
230 mesh ASTM, cat. No. 7734) 100 g, eluting with various proportions of ethyl acetate-n-
hexane, followed by the increasing volume of methanol in ethyl acetate and finally with pure
methanol. Fractions (50 mL each) will be collected and combined on the basis of TLC
behavior. Further separation by column chromatography over silica gel 50 g will be
performed to afford kuguacin J. The compound will be identified as kuguacin J by comparing
its physical and HPLC, IR, MS and NMR data with those reported in the literature (Chen et
al., 2008; Chen et al., 2009; Mekuria et al., 2005; Puspawati, 2008).

2.3 Cellsand cell culture

The chemotherapeutic drug sensitive human ovarian carcinoma A2780 cell line was
purchased from European Collection of Cell Cultures (ECACC, Salisbury, UK). The
chemotherapy-resistant human ovarian adenocarcinoma SKOV-3 cell line was obtained from
the American Type Culture Collection (Rockville, MD). The cell lines were cultured in
Roswell Park Memorial Institute 1640 medium, (RPMI-1640) with 4.5 g of glucose/l, 5 mM
l-glutamine, 50 U/ml penicillin and 50 pg/ml streptomycin plus 10% fetal bovine serum

(FBS); The cell line will be maintained in a humidified incubator with an atmosphere



comprising 95% air and 5% CO, at 37°C. When the cells reached 70-80% confluence, they

will be harvested and plated either for subsequent passages or for drug treatments.

2.4 Cytotoxicity testing

SKOV-3 and A2780 cells were plated at 4.0x10° cells per well in 96-wells plate.
After 24 h, various concentrations of kuguacin J or paclitaxel or cisplatin was added and
incubated for 48 h at 37°C. Cell survival was assessed by means of the MTT colorimetric

assay. In each experiment, determinations were carried out in triplicate.

2.5 Combination treatment

SKOV-3 and A2780 cells were plated at 4.0x10° cells per well in 96-wells plate.
After 24 h, kuguacin J (20 and 30 uM) and various concentrations of cisplatin or paclitaxel
were added. The cells were incubated for 48 h at 37°C, and cell growth was assessed by
means of the MTT colorimetric assay. In each experiment, determinations were carried out in

triplicate.

2.6 Cédll cycleanalysis

SKOV-3 cells were plated at 2.5x10° cells per well in 6-wells plate overnight.
After that, the cells were treated with paclitaxel (75 and 100 pM) with or without kuguacin J
(20 uM) for 48 h. Next, cells suspension was prepared and stained with propidium iodide
(Guava cell cycle reagent, Guava Technologies, Hayward, CA, USA) according to the Guava
Cell Cycle Assay protocol. Cell cycle phase distributions were determined on a Guava PCA
Instrument using CytoSoft Software. In each experiment, determinations were carried out in

triplicate.



2.7 Western blotting

SKOV-3 cells were plated at 2.5x10° cells per well in 6-wells plate overnight. After
that, the cells were treated with paclitaxel (75 and 100 uM) with or without kuguacin J (20
uM) for 48 h. The cells were harvested and washed with ice-cold PBS, then 200 ul of RIPA
buffer containing protease inhibitor was added. The samples were stand on ice, then vortex
every 5 minutes for 30 minutes and centrifuged at 15,000xg for 10 minutes at 4°C.
Supernatants were transferred to new tubes and the debris pellet was discarded. Protein
concentration was determined by Bradford method.

Aliquots of lysates were mixed with 4x sample buffer and heated for 5 minutes at
95°c and then subjected to 10%SDS-PAGE and transferred to nitrocellulose membrane with
a glycine transferring buffer [20 mM Tris base, 0.2 M glycine, 20% v/v methanol (pH 8.5].
After blocking nonspecific site with 5% skim milk, the membrane was probed with specific
antibodies at 4°c overnight. The secondary antibody consisting of horse radish peroxidase-
conjugated IgG was used for the detection. The band was visualized by the ECL detection

system.

2.8 Genotoxicity evaluation of BMLE

The method intensively has been used to determine mutagenic potential of chemicals
intensively and was described by Ulrich Graf (REF 1-3). In brief, to generate trans-
heterozygous larvae (mwh flr'/mwh TM3), males of mwh/mwh and females of
ORR:fIr¥In(3LR) TM3, ri p° sep |(3)89Aa bx**® e Bd®, Ser were mated. Then, One hundred of
3 days old trans-heterozygous larvae were cultured on standard medium containing (i) water,
(i1) BMLE dissolved in 0.25% DMSO (500 pg/ml), (iii)) 20 mM urethane (positive control)
and (iv) 0.25% DMSO (solvent control, negative control). Before taking the wings off, the
flies were fixed with 70% ethanol. Only the round wings were mounted with Faure’s solution
and determined the phenotypes according to (REF2). Lastly, the statistical analysis was
performed as described (REF4).

2.9 Statistical analysis

All experiments were performed at least in triplicate to confirm reproducibility.
Statistical analyses were performed with mean = S.D. values using one-way ANOVA by
Prism 5.0 software. Statistical significance was concluded with *P< 0.05, **P<0.01 or

*#%P<0.001.



3. Results
3.1. Effects of cisplatin, paclitaxel and kuguacin J on the growth of A2780 and
SKOV-3célls

MTT assay results showed that SKOV-3 cells were more resistance to cisplatin and
paclitaxel than A2780 cells as shown in (Figure 1 A-D). The ICsy of cisplatin was more than
200 uM and 15 uM in SKOV-3 and A2780 cells, respectively. The ICsy of paclitaxel was
more than 300 uM and 25 nM in SKOV-3 and A2780 cells, respectively. kuguacin J
treatment at high concentration reduced the growth of SKOV-3 and A2780 cells (Fig.1 E-F)
with an ICsy of 35 and 17.5 uM, respectively.

3.2. The effect of kuguacin J on cytotoxicity of cisplatin and paclitaxel in human
ovarian cancer cells

Based on the growth inhibitory effects of kuguacin J on SKOV-3 cells, sub-toxic
concentrations of kuguacin J (20 and 30 uM) were selected for further in vitro mechanistic
studies. We examined the effects of kuguacin J to enhance efficiency of cisplatin and
paclitaxel inhibiting cell growth of SKOV-3 and A2780. Co-treatment between paclitaxel and
kuguacin J in SKOV-3 cells showed dramatically higher proportion of SKOV-3 cells death
compared with the single treatments as show in Figure 2 A-B. The cell survival of SKOV-3
cells was significant reduced by the co-treatment of paclitaxel and kuguacin J, while this
effect was not found in A2780 cells. (Figure 2C) Whereas, the kuguacin J was not enhance
the cytotoxicity of cisplatin in both SKOV-3 and A2780 cells lines. (Figure 2 D-E). These
data suggested that the resistance to paclitaxel and cisplatin in SKOV-3 cells might be
regulated by difference pathways such as increased drug efflux by ABC-transporter protein or

insensitivity to drug-induced apoptosis.



3.3. Paclitaxel resistance in SKOV-3 cells is not involved with an over-expression of
P-glycoprotein

Paclitaxel is well known as a specific P-glycoprotein (P-gp) substrate. It could be
pump out of the cancer cells by P-glycoprotein that lead to multidrug resistance (MDR). Our
previous study reported that kuguacin J could inhibit P-glycoprotein function which caused
the accumulation of paclitaxel and vinblastine in KB-V1 cells. (Pitchakarn, 2011 #22)
Therefore, the reversal of paclitaxel resistance by kuguacin J in SKOV-3 cells might be
associated with inhibition of P-glycoprotein function or an induction of cell death. We next
analyzed the expression of P-glycoprotein in SKOV-3 and A2780 cells by Western blotting.
The result showed the over-expression of P-glycoprotein in SKOV-3 cells, while the protein
could not be detected in A2780 cells as shown in Figure 3A. We then determined whether
paclitaxel resistance in SKOV-3 cells is involved with an over-expression of P-glycoprotein.
The cells were treated with various concentrations of paclitaxel with or without the well-
known P-glycoprotein inhibitors, verapamil and stemofoline. (Thomas and Coley, 2003;
Umsumarng et al., 2013) We found that the P-glycoprotein inhibitors did not modulate the
drug resistance in SKOV-3 cells. (Figure 3 B-C) The results suggested that paclitaxel

resistance in SKOV-3 cells is not involved with an over-expression of P-glycoprotein.

3.4. The reversal of paclitaxel resistance by kuguacin J in SKOV-3 cells not involved
with cell cycle arrest

Paclitaxel interacts with microtubules caused repressing dynamic instability of spindle
microtubules and inhibiting mitosis, thus causing G2/M arrest and finally induced apoptosis.
Thus, in this experiment the effect of co-treatment of kuguacin J and paclitaxel on cells cycle
was determined. The results showed that paclitaxel treatment alone induced G2/M arrest,
whereas kuguacin J treatment alone did not alter cell cycle of SKOV-3 cells. Cell cycle
distribution of SKOV-3 in the co-treatment compared to paclitaxel single treatment did not
differ (Figure 4). From this experiment suggested that the reversal of paclitaxel cytotoxicity

by kuguacin J might not via induction of cell cycle arrest.

3.5. Thereversal of paclitaxel resistance by kuguacin J might via the alteration of cell
survival-related protein levels

It has been reported that paclitaxel resistance in ovarian cancer associated with the up-
regulation of survivin. (Ling et al., 2004) In this experiment, the expression of survivin in

SKOV-3 cells was determined by western blot analysis. The results found that survivin



expression was increased after paclitaxel single treatment, while kuguacin J treatment alone
did not affected survivin level (Figure 5A). After co-treatment of paclitaxel and kuguacin J in
SKOV-3 cells, the survivin expression was decreased compared to the PTX-treated cells
suggested that kuguacin J could inhibit PTX-stimulated survivin expression. Moreover, the
expression of apoptotic-involved molecules after the co-treatment of paclitaxel and kuguacin
J was observed by western blot analysis. The paclitaxel treatment alone slightly increased
cleaved-PARP expression in SKOV-3 cells, but not cleaved-caspase-3. While kuguacin J
treatment did not alter the expression of these molecules. Interestingly, the co-treatment of
the cells with paclitaxel and kuguacin J could essentially increase cleaved-casspase 3 and
cleaved-PARP protein levels (Figure 5B). The results suggested that the enhancement of PTX
sensitivity in SKOV-3 cells by kuguacin J might be mediated the inhibition of PTX-induced

up-regulation of survivin and the induction of apoptosis via a caspase-dependent mechanism.

3.5. BMLE does not cause DNA mutations and DNA breaks

To assess the genotoxic properties of BMLE, the in vivo wing spot test (SMART) was
used. This in vivo test conducted in special Drosophila melanogaster, which has the recessive
markers, flare (flr®) and multiple wing hair (mwh). The trans-heterozygous flies allow us to
detect genome damages on the wings. Furthermore, they possess the same biotransformation
process resulting in the activation of pro-mutagens or pro-carcinogens, like mammals
(REF1). Therefore, the assay allows detection of several types of DNA mutations, such as
nucleotide deletions, point mutations, DNA breaks and failure of recombination (REF 2 and
3).

As shown in Table 1, the non-toxic dose of urethane (20 mM) (Table 1) significantly
induced DNA damages (indicated by total spot/wing), which is along the lines with previous
study (REF5). Urethane can act as mutagen and carcinogen after biotransformation by
cytochrome P450 (REF6). Before investigation the mutagenic potential of BMLE, three
concentrations of BMLE dissolved in 0.25% DMSO were used to determine toxicity in the
flies. The data (Table survival) shows that BMLE is safe, even at the highest concentration
(500 ug/ml). Thus, this dose was subsequently used to treat the indicated flies. As shown in
Table mutagenic, when the statistical calculation was applied (REF 4), BMLE did not induce
DNA damages compared to either the negative control. In conclusion, these data suggest that

BMLE, after in vivo mammalian-like biotransformation, is genetic safety.



4. Discussion

Ovarian cancer is the most lethal gynecological cancer due to lack of effective screening
for early stage and patients found in advance stage as well as cancer developed
chemoresistance along cancer progression.(Davidson and Trope, 2014) First line drug in
ovarian cancer is platinum-base combination with paclitaxel but patient would relapse with
drugs resistance within 3-5 years. Drugs resistance is the large problems in cancer treatments
leading to treatment failed and patient death. (Gabra, 2014) Cancer cells could be already
resistance to drugs before receive treatment due to genetics alteration which is intrinsic
resistance or cancer cells developed resistance to drugs after treatments, acquired resistance.
Unfortunately, not all patients can continue with platinum combination therapies due to loss
of activity or toxicity. The second-line chemotherapy must take into account factors such as
platinum-free (PFI). (Gabra, 2014) Natural bioactive compounds have been investigated to
use as combination with conventional chemotherapeutic drugs to increase drugs sensitivity in
cancer cells and also decrease adverse effects of drugs. Fruits, vegetables, and common
beverages, as well as several herbs and plants with diversified pharmacological properties,
have been shown to be rich sources of natural bioactive compounds with the potential to
prevent human cancers. (Khan et al., 2010; Thangapazham et al., 2006) In a previous study,
we demonstrated that kuguacin J, bioactive compound from Momordica charantia or bitter
melon inhibited cell growth via induction of cell cycle arrest and apoptosis in androgen-
dependent prostate LNCaP cells. (Pitchakarn et al., 2011b) Moreover, kuguacin J isolated
from bitter melon increased drugs sensitivity in MDR cancer cell lines by inhibited P-gp
function. Thus, this study investigated whether kuguacin J promote cisplatin- or paclitaxel-
induced cancer cell death in human ovarian cancer cells. Cytotoxicity testing showed that
SKOV-3 cells were more resistance to cisplatin and paclitaxel compare to A2780 cells. Co-
treatment the drugs with kugucin J significantly enhanced the cytotoxic effects of paclitaxel
but not cisplatin in SKOV-3 cells. Due to paclitaxel is a specific substrate for P-gp protein,
which overexpression in SKOV-3, thus the paclitaxel resistance mechanism might be via P-
gp function. The combination treatment of paclitaxel and known P-gp inhibitors did not
enhance the drug sensitivity suggested that paclitaxel resistance in SKOV-3 did not involve
in P-gp overexpression. Paclitaxel binding with tubulin and stabilizes the microtubule
polymer that cause cell cycle arrest in G2/M phase and finally induced apoptosis. Thus the
effects of co-treatment of kuguacin J and paclitaxel on cell cycle progression was observed

and found that the co-treatment did not induce cell cycle arrest in SKOV-3 cells. Whereas the



microscopic observation showed co-treatment of kuguacin J and paclitaxel obviously
decreased the cell number and induced cell morphological change suggested that kuguacin J
may increase paclitaxel toxicity by induced apoptosis signaling in SKOV-3 cells.

Defection of cellular death signaling is the importance in drugs resistance mechanism
found in cancer.(Duiker et al., 2010; Wilson et al., 2006) Apoptosis is regulated by balance of
pro-apoptosis proteins, including Bid, Bim and Bad and anti-apoptosis proteins, including
Bcl-2, Bel-xL and Mcl-1 and inhibitors of apoptosis protein (IAPs) including, XIAP, cIAP-1,
cIAP-2 and survivin also. (Indran et al., 2011) Previous studies showed acquired paclitaxel
resistance in ovarian cancer was associated with the up-regulation of survivin. (Ling et al.,
2004) In this study we focus on survivin expression and paclitaxel sensitivity in SKOV-3
cells.

Survivin is a member of the IAP family of proteins which regulated both cell cycle
distribution and apoptosis. It is not detectable in normal adult tissue but its re-expression in
cancer tissues which correlated with poor prognosis. (Ling et al., 2004; Zaffaroni et al., 2002)
The overexpression of survivin in advance ovarian carcinoma significantly correlation with
clinical resistance to paclitaxel treatment.(Salzano et al., 2015; Zaffaroni et al., 2002)
Survivin expression is regulated by cell cycle-dependent manner and increased in G2/M
phase. Paclitaxel treatment induced cell cycle arrest at G2/M phase, thus the survivin
expression could be up-regulated by paclitaxel treatment. (Ling et al., 2004; Zaffaroni et al.,
2002) Previous study reported inhibition of survivin expression could increase paclitaxel
sensitivity in both primary ovarian cancer cells and ovrian cancer cellline. (Dong et al., 2013;
Kar et al., 2015) It was previously reported that survivin inhibited apoptosis via directly
binding with caspase-3.(Altieri, 2003) Our results showed paclitaxel treatment caused
increasing of survivin expression suggested that the acquired paclitaxel resistance in SKOV-3
cells might via the regulation of survivin. Besides, we found that paclitaxel treatment alone
did not induce expression of cleaved-caspase-3 that maybe involved with the up-regulation of
survivin. Co-treatment of paclitaxel and kuguacin J decreased survivin level and increased
cleaved-caspase-3 level. The improvement of paclitaxel sensitivity in SKOV-3 cells by
kuguacin J might be via the inhibition of survivin expression leading to an activation of
apoptosis.

Bitter melon is widely consumed as a vegetable and especially as a traditional medicine in
Asian countries. Our previous studies reported kuguacin J isolated from bitter melon leaf
extract (BMLE), exerted anti-cancer progression properties. (Pitchakarn et al., 2010;

Pitchakarn et al., 2011a) Moreover, the present study revealed chemoadjuvant potential of



kuguacin J in human ovarian cancer cells. To develop and explore the use of BMLE in daily
life we tested the genotoxic properties of BMLE and found that BMLE, after in vivo
mammalian-like biotransformation, is genetic safety.

This finding might support the possibility to use kuguacin J as an effective
chemosensitizer in combination with conventional chemotherapy to promote paclitaxel

sensitization in ovarian cancer patients.
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Fig. 1. Cytotoxicity of cisplatin (A-B), paclitaxel (C-D) and kuguacin J (E-F) on SKOV-3
and A2780 cells. SKOV-3 cells and A2780 Cells were treated with the drugs or kuguacin J
for 48 h and the cell survival was determined by the MTT assay. The values are presented as

the means + S.D. of three independent experiments.
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Fig. 2. Kuguacin J enhanced the cytotoxicity of paclitaxel in SKOV-3 cells (A-B), but not
A2780 cells (C). Kuguacin J did not increase cisplatin sensitivity in SKOV-3 (D) and A2780
(E) cells. SKOV-3 cells and A2780 Cells were treated with paclitaxel or cisplatin with or
without kuguacin J for 48 h and the cell survival was determined by the MTT assay. The
values are presented as the means + S.D. of three independent experiments. *** p< 0.001, vs.

the control treated without kuguacin J
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Fig. 3. P-glycoprotein over-expression was not related to PTX resistance in SKOV-3. The P-
gp expression in SKOV-3 cells and A2780 cells was determined by western blot analysis (A).
Effect of P-glycoprotein inhibitors, verapamil (B) and stemofoline (C) on cytotoxicity of
paclitaxel in SKOV-3 cells. SKOV-3 cells were treated with paclitaxel with or without P-gp
modulators, verapamil or stemofoline, for 48 h. The cell survival was determined by the MTT

assay and the values are presented as the means + S.D. of three independent experiments.
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Fig. 4. Kuguacin J did not alter cell cycle arrest in the co-treatment with paclitaxel. SKOV-3
cells were treated with paclitaxel with or without kuguacin J for 48 h. The cells were
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of three independent experiments.
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Fig 5. The co-treatment of paclitaxel and kuguacin J decreased survivin expression (A) and
induced the expression of cleaved-PARP and cleaved-caspase 3 (B) in SKOV-3 cells. The
SKOV-3 cells were treated with paclitaxel with or without kuguacin J for 48 h. The protein
expression was determined by western blot analysis. The immunoblots shown here are
representative of three independent experiments with similar results. f-actin was employed as

a loading control.



Table 1 The survival data of adult flies obtained from trans-heterozygous flies

Sample Concentration Percentage of surviving flies
Experiment 1 Experiment 2

water - 100 100
Urethane 20 mM 96 93
0.25% DMSO - 92 94
BMLE 500 pg/ml 92 100
BMLE 200 pg/ml 99 100
BMLE 100 pg/ml 90 100
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Table 2 The effect of BMLE on genome stability reported as wing spot formation on Drosophila melanogaster.

_ Treatment Spot per wing (Number of spots from 40 wings)®
Experime : i i i
Concentratio  Small single Largesingle Twin spot Total spot
nt Sample
n (m=2) (m=5) (m=5) (m=2)
1 Negative control - 0.30 (12) 0(0) 0.05(2) 0.35 (14)
Urethane 20 mM 9.13 (365)+ 3.98 (159)+ 2.08 (83)+ 15.18 (607)+
BMLE 500 pg/ml 0.20 (8)- 0.03 (1) 0 (0) 0.23 (9)-
2 Negative control - 0.30 (12) 0.03 (1) 0(0) 0.33 (13)
Urethane 20 mM 8.10 (324)+ 2.08 (83)+ 1.10 (44)+ 11.28 (451)+
BMLE 500 pg/ml 0.38 (15)i 0.05 (2)i 0 (0) 0.43 (17)i
* Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wiirgler (1988) for comparison
with deionized water; + = Positive; - = Negative; 1 = Inconclusive. Probability levels: a = B = 0.05. One-sided statistical test

“m” is an increased mutation frequency compared with the spontaneous frequency (m times).



	1
	2

