.
2
.

FBUBATUFNY IO

Ta39n13 N13ANEANA INVaILADIAINWINVRUTUADNIITUHINITN DI 56%

a6 [ '3 e ® A A
'saunmas'm ‘lm‘mamtsa LNALAAYNITUA K562

Iﬂﬂ ﬁﬁ')ﬂﬁ’lﬁ@l‘i’m’ﬁg 3. NIV El‘lrg’ﬁ‘ﬂ%ﬂ'l LLazAbe

WO BN 2553



i MRG5180099

MeITBATUANY I

Tas9n13 NM3ANEINA INVDILADSAINWITNUNWT WA A NITTUHINIINIIU D

a e & 3 (= < a
Tﬂ‘iﬁ%')ﬁ&lﬂt&lai')% Glumaaumo LNﬂLaﬂﬂ"ﬂ"l'}“Jj%ﬂ K562

398 f9na
HEeanTa1Id a3, nsua aywUian fFanaamzinafansuwng arinoasdoslng
309MAAM138 03, WINW Lasndealnna FINAAUUNNUART WA INERTEI N
WIEIFITION Lawe3 fFanaamzinafansuwng arineasdoslng

aﬁna%u‘[@l slﬁ'lﬁm'mnmzn‘swmsmsqmuﬁnm UAzd 1N RN DINEARUTRWNITIVY

(mwmﬁulmwm’mﬁnﬂmao;ﬁ%’s ana. uaz am?. indudasdudiozualy)



A1

E4 H
C= =

av o 3 § g awv o N Av o
s1eumsventiuil hvwneunsnumsitenivauyssidenuganyumMite 1145y
msaduayundninuAMZNITUMIMIgANANYT tazdninnunesnuaiuayumsive I 2551

dyd PR Ja a ay [ 1 [ Qa; o =3
TasTasamsthiluTasamsndneinalnusanesaiiy  anvdiusudonsdudamsiianuvesTilsau

A 9

A s s 4 2 A A 4 A = g A&
AUNIUBDIIU Glulcﬁaamglﬁﬂluﬂlﬁaﬂﬂl’n%u@ K562 G]f\?'ﬂjJ’]"UfJ\iﬂ'ﬁﬁﬂH’ﬂUﬂi\iu INDADINTTINDU

U

o A U Ja a A Il o Qs’l A ad 4
ATDTIUHANITNATDINANIUNIIN mmmnunﬂa'lﬂemﬂﬂumﬁsmmﬂ"nmamaaﬂmmauaaunmai—

[

o c?/l A ad Jo £ o = A o 1 Ja A @ oaj 1
mmwﬂﬂmmauumaﬁm G]NEN"liJlIiWENTLJ‘I/]"]fﬂﬁ]ll’ﬂ!,ﬂ@‘iﬂ’nﬂ!ﬁﬁﬂiﬂfJ‘]JENﬂﬁﬁ\iﬁﬂlﬂﬂﬂ!cl.u

)
E4 1

@ = 2 ad v @ =~
sraven s Tuanaves Tsanuddugueiiuly pathway la wensiniideamnsovendy pathway
o o ' s 2 & A A A ad o & A Ao o
draglumsaugumsuiuyadvesuziiuladenvy  Tal Tsavudaupmes uiluTisAundidy

dy 4 ;g ~ 1
Tumsaauguale msnaassil 1d 14aad K562 duilu erythrocytic leukemia 1141191041/ chronic
I ia A o 3 (Y]
myelocytic  leukemia 1Huduuunlumsdnuinalnvesnesaaiiulumssudimsdedaynunielu

I a d%l 4 32 < A = Aav dy ) Y Yy a I ) o
waamnadu luwaausisuliaeavy  Faudseiamsailylyses  vasdunuimedmsy

av Qy A 1 & yYaw o VoA av & dy I d
nudseruouaae 1l luoman  Fadideniuiluedngsn  eaumsisentiviivzilulz Temine
v Aav 1 A A o A @ Y < oBJ’ YA ™) 9 1 =
navemuou Mhawnenumemuayu lnsuazuzse sounsdiaulen il 1ddued1ed

AIvevevounm  NURANYUMIIVENNENINNUANZNTTUMIMIgANANET  wazdninau

o a = Ay ¥ a @ = dy =]
NOINUAUUAYUNITIVY ‘]J 2551 ‘1/1llﬂﬂJ’E]iJNLl’cT‘L!‘]Jﬁ“Lguﬂ15ﬁﬂy1uﬁ]uﬂi$ﬁﬂﬂ’ﬂﬂ’d1liWﬂm’ﬂﬂ’iiﬂﬂ

v Y
Aaa A ueened

(n33eA oy ¥1IA)
a a 4 a 4
AMAIFUANAUAMTUNNG AUSINATANTUNNY

UNIND 199 191



II

a a
nnAnssndszma

9 Y 2 £ o 4 o a 2 =
VINRIVDNIIUVVDUWIEAD TA. AT. WINN aUATSNA "INLﬂu'ﬁnﬁﬂﬁﬂﬂigﬁnﬂWﬂ’J"m‘H’J!ﬂﬂJ AUS

s A v A ) o o < s (2 dy 9= a 3
UNNIATANT Nﬁ’]?ﬂﬂ1ﬂﬁll%ﬂ\31ﬁﬂ llﬁg‘VNENlﬂﬂlﬂu61ﬂ1§EJ‘V]‘]J?ﬂE”Isllmgﬂslnwm']ﬁﬂ']el']ﬂiﬂlufyﬂllﬂﬂﬂlu

v v
a =

' vq ¥ ' A o o P A Aw P o A A A
E]EJ'N’LIQEN 1/]1@1“?]'311]%331“?3@ ﬁuUﬁuuﬂﬂﬂ’]\w’nulﬂﬂl‘lﬂﬂqijﬂﬂ memmg FIUNNATONIND 113D

A o

& o cau A4 o & ' Yy S o oYY Y a o
@ﬂﬂimﬂ%’llﬂu@@ﬂ’]ﬁ‘ﬂ’]\ﬂuﬁﬂﬂuﬁ]ua’lli%ﬂqa')qqﬂqﬂﬂﬁﬂﬂ WNEN‘1/1161??6111WL%1NLLiiuuﬂ1a1%1uﬂ1i

of

o o A 7 a 4 o 7 o
NMNUIYU VBNITUUDUNISAUDIVTY ﬂﬁ&’ﬁ‘lﬂ‘ﬁ FUSTAU NF. ‘]Jﬁll ﬂgmu‘ww ’l’)']ﬂTiEJ‘]JiZﬁ]']LL‘UHQ

a Jd aa a a 4 a s A o
IFIPANITITAUMTATAAUN NAITUNAUANITUNNY AUSINAUANITUNNY w"léklﬁmiﬁuumguiums

9
~

aw o | Aaa oa.ll o w o o < '
Mot ued19nes W%’ﬂﬁﬂx‘lclﬁ!ﬂ”lﬁﬂclﬂcluﬂ"ﬁﬂN"Iui]uﬁ%ii]@ﬁﬁﬂ VBNITUUVDUNIEAU Assoc. Prof. Dr.

Colleen Sweeney SN Vosanu Biochemistry & Molecular Medicine, UC Davis School of

=

A ¢ A
Medicine, UC Davis Medical Center, Sacramento, California, USA N101n351z¥in3osilonazensinll

J

1 =< a 4 1 =4 a Ay v
UW\?ﬁ'ﬂu‘luﬂ15ﬂﬂ‘H13Lﬂ51$Wﬂ'l‘i‘l/lﬂa’fNGlu‘UNﬁ’Ju VDUDUAY AT. RWYIY ﬁfﬂ’)vlﬁ ‘I/]ulﬂ@lg!,ﬂi'lgﬂ

7 2 a A q v = o & Y Y A a s
FAAUSLINYUA K562 LW@i%iuﬂTiﬁﬂHTiuﬂiﬁu GII’E)"Ui‘]Uﬂﬂ!Li]”I‘WL!TV]ﬂlﬂﬂllﬂluﬂﬁﬂfTﬂaﬂiiﬁuﬁTﬁ@i

a

aa 1 A Y [l A 3 = A =} I 1 aA a Jdo
ﬂauﬂnﬂmuﬂwmmmamaa NIADIUNLAZIATOIND UBE19AEY VDUBUAYU  UIWYFAINAT U

E4
Av A a

oAy Yo A < 1A d A
UNFANIFITTU LTUAT ‘VIllW])’lmeaﬂﬂuiﬁlfJu!ﬁ]JuBEJNﬂ VDNINUUDUWTEAY AIAATNITUNYTARNU

Q

J = J g ' Aq ¥ o ' S o w
UN. ‘ﬂﬂ]uilg HAZD19138 do3a NAaNA !ﬂu@ﬂNq@ﬂiﬁﬂ’ﬂMﬁﬂ AITUIUAAN L’l’]ﬂﬂ‘lﬂ’)ﬂ Lﬂumaﬂmmz

@

@ o Aw A 1 Ay 99 ¥ 1 = | o Aa
FUUAYUNITNIINY VBUDURWUNDUITINITUNINIU ‘1/1"lﬂlﬂﬂliuﬂflEJLWﬂEJLLEI%L”]Juﬂ1ﬂﬂiW]ﬂLLﬂ

Y v a ) Y A g < o o aw
VTN VBUBUWISAUDAN 3J”I§@1611’f)\151ﬂ1/‘llm1/l!,"1ﬂ% uaznJuuiqauuﬁqublumimmm%mmm
Y )
qﬂﬁ’wﬁmmauwnﬂmnquuumm%ﬂ Q‘]J‘]Ji3ll1?.1!‘]/]1!TﬂﬂﬂWi’J%ﬂLﬁ@W%uWHﬂ’mﬂiu
k4

[ Y ]
Tnad Yeudszana 2551 #ldueuluaivayumsaniwlszauanudus smuihmnoiida 1Aty

1 =
DYNA



III

5%aIAaMS : MRG5180099

d’ = Ja A Qy @ 1 @ 3 o A ad v
‘Uﬂiﬂ’i\ifﬂi : fﬂiﬁﬂ]?ﬂﬂﬁh],ﬂ‘ll’l’]\i!,ﬂ’é]iﬂﬂmu%?ﬂﬂ]ﬂu%u@lﬂﬂWi81JEJ\‘]ﬂ"lﬁ‘l/n\ﬂu"ll'é]\‘liﬂﬁﬁu’Jﬁll‘ﬂLll’[’)ﬁ'Ju

QU

J I < a
“luwaamzsqmmﬁaﬂmwm K562
Y o av I~ 1
AUZHNINITIVY WA, AT NIIYH @H"]fﬂifﬂ
v
IA. AT, NI amﬁzgaz

UNANGITTUN 1AUAT

W W

H a d aa a a
HUWNUNTINA 'wuadmansAumaasnatin MAIFINATAMIUNNG
AULNATANIUNNG WrTIMedeFealv
2MANT AN AUSUNNETEAT UHIINeaeFea 1wl

E-mail Address : songyot@chiangmai.ac.th 130 sanuchapreeda@yahoo.com
szaznalnsams: 21

unAAee :
3 2 A & 3 A Y = ' s g & A
mmmma@mmﬂumgim’mmﬁawu”lﬂ‘uaﬂ ﬂ?ﬂf‘nﬁﬁﬂHWW’U’NﬂWEJle,“]f’daiJ%LiQLilﬂLﬂ’t’)ﬂ
Y = a A 4 o [ qs/} ad [y
EII”ITJ@]"J’E)ﬂui]gllﬂTiLLE‘TﬂQ’E)ﬂﬂﬂI@QI‘]JS@]uﬁﬁnﬂ”lﬂﬂﬁ1 (WTI) °1uiz¢mqq mumaunma{au ﬁ\?fﬂiﬂ’iﬂ
Yy o 1 4 A 4 o A & qy a v
Glslﬂ,ﬂu@“I’J‘iN511‘1/]N%Tlﬂﬁ/‘lil&ﬂTﬁ@]ﬁfJfﬂf’fﬂUN%lﬁ\1!,llﬂm’E)ﬂ"lﬂ?]'i’JiJVI\‘]GlG])"]JimIJuﬂ’NiJEuLLiQEU@\ﬂiﬂllﬂ

MINMTANIAHILIINUIUAD S AT UAINITOAATEAUNTUAAIDDNVDITANTYINDS TUIDNITIDUD

v
[

v ]
uag TsAudsugwes Tuld udedielsimuna lnlunmsdudimsuaasesnduiluiseids idanuly

4
~ a ¢ ad

dy 1Y :/‘ 1Y J 091’ 4 @ Ja a a0
RIRAN] ﬂﬂuu?ﬁflﬂﬁgﬁﬂﬂﬂl@ﬂﬂ”lﬁﬁﬂ‘ﬁ?iuﬂiﬂu Lﬁ@ﬁﬂﬂ1Wﬂﬂlﬂ\?ﬁ”ﬁﬂﬂﬂlﬂﬂﬁﬂ?ﬂuﬂﬁﬁﬂﬁ@@gaﬂu-

L)
v ]

A o & ad Jo J =

Jo 4 Qa; a 4 4 Y 1 =2
wostuleTywosuine 4 e lwaad U937 MiwuIauywesIuleTeWosudhgivad uazivofny
Ia A 1 1 o 2 ad 5 J 3 <
HaveuApsAIlUAsMIddy I lumsnszAumsnuvesduIauwes 1w Tuwaduzisudadon
a ' @ Ja a Y an/ 3 ~ a2 a Jo
Y1¥1IA K562 1I0MsAnBINDI arsananes arludamnsodudanedu uaz TusAudaunues iu'le-
¢ v A s 2 2 A a Aa A ad Jo & a 9
TyWosy ++ laanga Tuaaduzis uladoayyiia U937 Nlms Inauduiauyues juna 4 stiadn
1 o ad Jo
11 (exogenous Wilms® tumor 1) Tagruna lnmsiiaigllsandduyues iu anmsanyina lnves
Y] Ja a 1 ~ A ad I a J s <
MsanamesAtuaoMsanaduesduras TsAUIaNYIWeT IUsIA endogenous  THIAANZI5 1A
a Ao o @ Ja a a = o % [l
oauwia K562 Tasna lniididgyfeaisanamesaiiuusqnianmsiianuues PKC, sioglu
PKC signaling pathway laswah ldaeandosiunanmsdny1ved PKCy, inhibitor (GF109203x f1n1
1 = A ad Jo § o Qall o o
I FudU 0.0084 uM) ApmisudaeenduLaz TsAuIauguesu Aeledudinmsihauues PKCy
{ Y 3 = a2 ad S dyw 1 1 §
Iidanadugamsuansoonvesdunaz TUsaudaunmes iudie uennnilddnyinenena Inaetilo

o ' I % { 1
Tuszavanasly (downstream) Y84 PKC pathway wuiTusau INK (Hulysaudndriiduineidos



v

iileaninwamsanvesmsaianesaIiuaeT1siu phospho  kinase  WuEIsaRAmeT ATy
AITDAANISLAAIDBNVBA phosphorylation INK pan (T183/Y185, T221/Y223) 18 naziiie 14 INK
inhibitor (SP600125 AN 0.040 uM) TwansAnufidenadesiuranmsAnyvesans
afamesaiiu Aeaunsnaansuaateonyedllsduidugues inld é’mguﬂa“lﬂﬁﬁﬁmummﬁ
ferdeslumsanssduvesdunas Tdsiuddugues Sulavansadanesiaiu agiunalnmsda
Fayaves PKC uazderiummallsau INK TaeTusau INK safudinszqumaniaudelyi
TsAudduyuesiu c'f;qmmf?”lﬁtysumﬂallﬂﬁyamwsai%’gﬂummi’ﬁ”ugmﬁmmiaﬁﬂﬂi%gﬁa
e3uenalnvessatamesfafiuuians lumsihlszand 1 ludthonzs aiadeannn 181
GIEE

J

0 o Ja A a Jo 3 2
ATNAN: IADIAINU, IGUNIUDITIUY llgﬁﬂlllﬂlﬁﬂﬂelﬂ?, K562



Project Code : MRG5180099

Project Title : Inhibitory mechanism of curcumin from Turmeric on Wilms’ tumor lexpression in K562
cell line

Authors : Asst. Prof. Dr. Songyot Anuchapreeda]
Assoc. Prof. Dr. Pornngarm Limtrakul’
Miss Suwanna Semsri'

Addresses : lDepartment of Clinical Microscopy, Faculty of Associated Medical Sciences,
Chiang Mai University, Chiang Mai, Thailand
2Depaurtment of Biochemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai,
Thailand

E-mail Address : songyot@chiangmai.ac.th or sanuchapreeda@yahoo.com
Project Period : 2 months

Abstract:

Leukemias commonly occur world-wide. The Wilms’tumorl (WT1) protein is highly expressed
in leukemic blast cells of myeloid and lymphoid origin. Thus, WT1 mRNA serves as a tumor marker for
leukemias detection and monitoring disease progression. In previous studies, we found that curcumin
could inhibit WT1 mRNA and WTI protein levels in leukemic cell lines. However, the inhibitory
mechanism of curcumin’s action is at present unclear. The aims of this study were to investigate the effect
of curcumin on WTI isoforms in U937 transfected cells and to study the inhibitory mechanism of
curcumin on the WT1 protein signaling pathway in a K562 cell model. The WT1 (+/+) isoform showed
the greatest inhibitory response after curcumin treatment. The inhibitory mechanism of this exogenous
WT1 protein was related to the protein degradation mechanism. In addition, the inhibitory effect of
curcumin in endogenous WT1 in K562 cells involved the PKC; signaling pathway. This result was in
accordance with the results using PKCg inhibitor (0.0084 uM GF109203x) treatment. GF109203x
decreased WTI gene and WT1 protein expression. The downstream of PKC pathway was determined.
Curcumin decreased the level of phosphorylation of JNK pan (T183/Y185, T221/Y223). Thus, JNK was

the protein signal in the endogenous inhibitory pathway. JNK inhibitor (0.040 uM SP600125) was used
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for confirmation. The WTI gene and WT1 protein were inhibited after SP600125 treatment. In summary,
the PKC and JNK signaling pathway was the major inhibitory pathway of curcumin on WT! gene and
WT1 protein expression. Thus, this mechanism increases our basic knowledge concerning curcumin’s

effect on leukemic cells, and then may facilitate clinical use in the future.

Key words: curcumin, Wilms’ tumor 1, leukemia, K562



VII

LaNd@ITUBURNIULAY 1

Executive Summary

1. anudrdguasiinnzasilym

I‘mmﬁavl,&iLﬁmLm'Lﬂu‘ﬂrgmmmsmq{mﬁﬁwﬁryﬂumﬂi:mﬂ AR gRsiinveslszmniuaz
suddasnldiglumssnsmenunadusmaninniiiu wdlsauziSadndudymamangaveslanday
MIIIYUALNIUNINTZANY (metastasis) maa‘[mwn%aauqaﬁwUﬁﬂﬁl,'éu%‘iwfu Hunamnnuadsuudasd

|

o o o @ aAa £ & = A 2 o SAx o A o o | .
aaumumaului:@quLaqawLﬂw’nﬂumaaummaa Faaudauanngs hiidundnlannnin WAWLINNNT
A & A & A £ o ¥ Ao a
Lﬂaﬂuuﬂaammm:umﬂmumaszm:maﬂm;mnmu ﬂmquuumﬂmﬂumm (chemotherapy) {unun
fdgannlumsinmlsauzimanssiie lesawzludaiuldimmiamnmduunieldllszdninmluns
Qa = Ddt&l J 1 d‘ o Q d‘ o v g U a o L= ' o 3 1
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A o ) . & & A A a v A wa & A =
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a g 1 =3 1 Qs =3 { a =3 C 1 U
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JuadansInEIdsaNTnUaniNNIzuanaIsnwaan lléy wananiinlvmsuiinisuaadsaanvastn MDRT
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{ J { o v { 1! v { a a
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leukemia) WUINRWNTAFABITRENzISAdAEA1INI 4 TR lGANIN 9UuIlarinNTAENEINAATEIANT
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2. Jagilszasdvaslasinis
5.1 \lefnsuaTasnasAIiuda WT1 isoforms 119 4 7ia lu leukemic cell lines Tiia K562 Tag
aNFY 17AA (+) WT1 uas 17AA(-)WT1 vector
5.2 iNafnmnavasnasiiudansdsdyanalumsnszdunisnuvesduisunwaiiu 1 leukemic

U

cell lines e K562

3. suiguisINY IWUaaInINILNBMTIIY LazdIauIBAaUNTIE (815))
2 ea a1 .
3.1 MIANBNAUBILAa TR A WT1 isoforms

mM3laaudn

YT transfect Las K562 F9iiluin ‘ﬁﬁmmamaanmaﬂﬂs@u’iﬁummaﬁuﬁaﬂ Fronaes
1 WT1 isoforms 4 Tiia@a WT1 17AA (+) KTS (+), WT1 17AA (+) KTS (-), WT1 17AA (-) KTS (+),WT1 17AA
() KTS (-) lawl¥ Lipofectin

NSANHINAVBIENSENG Curcumin AU WT1 isoforms

ihlaaunaalion ldunansszauuansiase (growth curve) uazanuiuiwuasssanainaialiin

AuLras K562 A lasurinmsanedudld de3s MTT assay
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WRINNUUINNMINTIIROUHATEINT transfect FI8N1IFNAINEIUVEI nuclear extract ANATIIFALQ
HaveINIuaadaanvadllsiuiduniueiin d183% Western Blot Svaansniaioulas i nuclear protein

wen’lduuenlasld SDS-PAGE asramoulusiin WT1 éae rabbit anti-WT1 uaz goat anti-rabbit fiaaasneae
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1. Acute myeloblastic leukemias (AML) 1 leukemic cells 5uirad luee myeloid s
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3. Chronic myelocytic leukemia (CML) # leukemic cells 15Jwaad Jueny myeloid ¥1013
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9 . . A o " Ao q YAt & <
N9 (inversion), NMIINUITIUIU (extra chromosome) 4l mmu‘ﬂﬂ‘ﬁﬂamﬁﬂmﬂumm
1&dnnnauilaanalil
A ay o A A ' . . S < 3 & A Y
4. ﬂTiﬂJﬂJJﬂiJﬂu!ﬁf]iJWi@UﬂWifN (lmmunodeﬁCIency) ﬂlIT’é)ﬂTL"fﬂWi!ﬂulI&Li\?LiJ@mf]ﬂhlﬂ
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1 Y
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M3uUIrHAvR LIS AAIRDAYIIMN FAB classification (50)
4 . o L] a 1 a a .

1199910 acute leukemia 11 YW urHAgosq HAINA18FUAATNFHAVDI leukemic cells
~ . =S o Y 1 1 a = . . A 1 -4
N predominate %WIﬂ‘l’iuﬂ’nmﬁfJ1ﬂG|,Uﬂ1'§LL‘1JQ“Imﬂ 113) 1976 FAB classification NNQUUNNYBI

M ao @ ) 1< o a 4 . @
ASuse osnu uazeengy Wuaue umsswunsiauai3ensoues acute leukemia 1AYDIHY
k2
o o a 4

WUFIWINANHUENITUFIUINGT (cell morphology) V04 leukemic cells Iutaiosiaoauas lu
nizan NdouA10d Romanosky 1/5znoununsfon cytochemistry 1182 immunophenotyping UARDA

Wuddheiida i 15 umssou iesnmssamnazi lianyaiyna morphology nlasuulas’ll

1. Acute myeloblastic leukemias (AML)

MO Acute myeloblastic leukemia without differentiation

Ml Acute myeloblastic leukemia with minimal differentiation
M2 Acute myeloblastic leukemia with maturation

M3 Promyelocytic leukemia, hypergranular

M3v  Pormyelocytic leukemia, hypogranular (microgranular) variant
M4 Acute myelocytic leukemia

M4 eo Acute myelocytic leukemia

M5a  Acute monoblastic leukemia without differentiation

M5b  Acute monoblastic leukemia with differentiation

M6 Acute erythroleukemia

M7 Megakeryocytic leukemia

2. Acute lvmphoblastic leukemias (ALL)

L1 Lymphoblastic leukemia with homogeneity

L2 Lymphoblastic leukemia with heterogeneity

L3 Burkitt’s type lymphoblastic leukemia
Cytochemistry stains
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’milﬂuﬂiﬂlﬂuq%nﬂwiuwaaﬂ@Nﬂ‘u AIDYNUDN cytochemlstry stain Nﬂ\‘j@@llﬂu
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Myeloperoxidase (MPO)
& P . . o &
Hueu ladinwylu primary granule U9 myeloid cells A194IA myeloblasts 1130 promyelocyte
= a . L oo A a . £ . a
AUDI PMN Tasl activity qwmﬂumﬂu U9 maturity W1NVU Tu monocytic cells B1IAATING
14 lymphocytic cells 3% liAndias 39 14en AML 0ona1n ALL 18
Hann13 Ae MPO ‘ﬁ”l‘]Jf]ﬁ?fﬂ oxidation U hydrogen peroxide 3 di-amino benzedine
Y v 9 ]
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<3 o d? 9 v A @ 1 Y o [ ~ 1
VUDUHUBALIUVU VDAITIT N AD MPO aa1803318 ﬂ’)ﬁi%’ﬂﬁﬂﬂ?\iﬂﬁﬂiﬂw
Sudan black B (SBB)
) adg YY = P . - .
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i a { I
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a o [~ @ 4
SBB #ouandmlu late myeloblasts 1l0% early promyelocytes wiuldFauilo counter stain 2@
YA v Aa A A a o
neutral red 1%8“8“ AML Nead Lgnoanan ALL nuaad
@ g 1 { @ l
vanms 1umsdondlnonsene phospholipid #tu passive biochemical azaIilogla
HIU
QOil red O (ORO)
o3| A~ ! a
Wuan198e neutral fat ARUY Iymphoid cells 1a8 lymphoblasts veAnduadyly
< @ d a o a A
cytoplasm 111U 1@FaLio counter stain 798 methyl green a18ouu1AU 11/819%11% myeloblasts Aad
y3 Y YA o Aa o A a A
Ulﬂmﬂuf)ﬂ Gl“lffJufJu ALL NAAd Lynaonan AML ‘Vlhl‘JJﬂﬂﬁ
o I 1 {3 . . . { o 1
nanms 1umsdondlnensine neutral fat Milu passive biochemical NAAI0g TALU
A
Specific esterase (SE) 1158 chloroacetate esterase
< o 1 A g <
Wuronlyi1ungu lysosomal enzyme AWlu azuophilic granules V9 myeloblasts
9
Apud1aezunudd Yu'ld uazeranulalu erythroblasts ¥04157 erythroleukemia 113® erythremic-
myelosis %30 Di Guglielmo’s syndrome (M6) N1 SE 7O isoenzyme i 1,2,7,8 ez 9 aay
4 . 2 P 2 ay da o
esterases 341U myeloblasts ICWUIWYY isoenzymes N 2, 7 1AL 9 INTUY Iguen myeloblasts NAA
99N910 monoblasts 7 luAAT TuM4 1oz M5
nanns Ao ES ﬁ”lﬂﬁﬁ?EJWﬁU napthol AS-D chloroacetate (NASDCA) il pH 7.4-7.6 &
halogenated naphthol ester LLTCSIJ’Jﬁ”I‘]Jﬁ A3 diazonium salt lanzneuduasan 1 19 pararosaniline
S 3 o 4
11l chromogen HUFARUIND couner stain 728 methyl green 1% fast blue BB unu 9¢ lanznoud
: a < @ 4 . . 14 . "
130 W UFA I counter stain A28 neutral red 139 safranin Y9A255239 fio SE gn inhibit A0

1l5om n3a anudou taz loTofu
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Non-specific esterase (NSE)
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9 J . A A o Y v a ~ 1
llm!,ﬂ esterase isoenzyme N 3,4,5 LAY 6 ﬂﬂWﬂQﬂiﬂﬂﬂﬂU substrate UR1IFUA ‘Vl’e)gﬂu
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Tu M4 tiag M5
[ A o Aaan [ Y I Y]
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Periodic acid shiff (PAS)
I [
Wumsdeudlaensaiy glycogen, mucoprotein, glycoprotein, glycolipid 4L81¢ polysaccharide
& . . . . g Y = | Y v o .
¥aNN19 periodic acid & oxidized v glycol nlaguilu aldehyde ud Tduny shiff reagent
Y Il a an =~ . a Aaa o a A g
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< o a I "o '
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9 I [ [l = [ ~ o .
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E4
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. o Y 5%
UVNIT1YUDY myelodysplastic syndrome faldmavanladae
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I ay Cq . A da . A
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dg} =® . YA [ . o/
U1 '11Jauda orthochromatic normoblast 1¥8uéU erythroblast Tu erythroleukkemia (M6) Qe
Yy 2 A L . Yy
auIn Glf]f‘(’l’é]iJﬂZﬂ@Ul“]fﬁaﬁlu%jﬁﬁTJ% INBM TV hemosiderinuria Ulﬂﬂ’]ﬂ
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NANMS A® hemosiderin ‘I/IT]J;;]ﬂ‘i 81N ferocyanide 1E ferric-ferocyanide FUHUFALY
4 . . - - o . SV
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Acid phosphatise (ACP)
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WHueu lminnylu lysosome U84 hematopoitic cells NNFUAILU AP 719910 isoenzyme dye
9 J
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@ < @ 4
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' a A I Y < Y = A Y
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4 ' v
U5z Toxives AP fio lu hairy cell leukemia fozllm;] A inhibit A28 tartaric acid (38071 tartrate resistant

Tuwmeh lymphoblast 11 leukemia %ﬁﬂﬁng A inhibit 1@ (3991 tartrate sensitive
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Leukocyte alkaline phosphatase (LAP)
& 7 vo £ =
Wueulaifiwylu granule vod PMN 919y 1adaua sz promyelocyte YUN1AUDI PMN
1 ] J . A
uavg Tuwu lussad vea series D1
o A LY Aq Y < Y
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o o . . Y = g’ a o A ] 09) < o A .
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Y
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Immunophenotyping
A . o A . Y ax
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A3579AANN (38071 immunofluorescence  1A334 1933N fluorescence microscopy 130 flow
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v o 1 1
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9 1
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1 [ 0 Y Y a A 1 = a9 ' dy '
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1 E4
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immunophenotyping N1DUNITATIINI morphology AU immunophenotyping Judumsasavguiu
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1. ﬂﬁi%ﬂ%ﬂﬂﬂ?ﬂﬂ ABNITTNEINYINVANLITI FaLUean i 3 wia llﬂl!,ﬂ
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- Anti-metabolite & m”lmygﬂu purine 130 pyrimidine antaginists 1 inhibit DNA synthesis

ETNTOAATLAUNTUUIAIUD leukemic cells 1a
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- Alkylating 11181713 alkyl group NaINTDAIEAT 1AM resting 11a2 proliferation stage VYDA

Y
1149 leukemic cells 148 normal cells

o

= { o o e
- Nucleotide analogue 111ue1Ming i DNA 1150 RNA I8 nagiimssuniumsdunsizw i
Y v oa/l Y 9
Ingudanmsuedia’la
@ a 9 a 1 (% d‘ =) 1 . . .
uaz luilagiiutenms 1derarowiiag :wiufiEon a1 multi-drug combination
v A g (% o < < a
2. mymenass i iWums Iduaessdidn lliaawaduziie Tasmwizlulunszen denls

JafUMIsAEIdIssuntiTa

4

3. mygnoelunszan @115 1ANaDY autologous transplantation Ai® N15111 stem cell

9 1 A A .. o o w . 9y =) 9 ~
ﬂl@ﬁﬁdﬂ’)ﬁlmﬂuﬂlm&ﬂu complete remission BVNNUININITNIIA leukemic cell Gl‘ﬂmﬁ’ﬁ]u’ﬁ)ﬂﬂ’qfﬂ

[

.. . . F4 o @ 9 a Yy 0 Yo o w
(minimal residual disease; MRD) uaﬁmmamm‘lﬂmﬂwpjﬂaﬂ Arums ldsuntinianaysd

o w ]

1117A0E19515901a7 1WER199 leukemic cell 19 IdunAiga nT9019R LY allergic transplantation
ADN1511 stem  cells éumé"u?mﬂﬁﬁ histocompatibility *3© human leukocyte antigen (HLA)
A v o Y A A A Yy . . A Y A oA <
muauﬂuﬂmjﬂaﬂummqa LW@VI%klmJ graft rejection 139 graft versus host UBINFA UHAINISINDY
Y . A I ¥
stem cell QLA bone marrow, peripheral blood #1359 cord blood nla

. A o o Y =
4. Suportive treatment AeMsTnEININIMILUVYseAYYsEARIeINS Gh’ilﬂﬂjfm

aa

L r A o v 9 ~ o 1 a9
FAUNIN 'Jﬂﬂﬂﬂq@[“’]ﬂﬁ]gﬂ'lhlﬂ IﬂﬂlﬂW1$1Uﬁ$ﬂ$ﬂ1ﬂq ﬂWﬂ1ﬂ§ﬂ!Iﬁﬂ1Nﬂ@ﬂﬂ!la'}

Qy [ . AA A A . A A 9 .
YUUFU (turmeric) NFDINNATNTAD Curcuma longa Linn WY¥OWOI Curcuma domestica

A o A . @ ] < . . Ad g A A 1 [ A Qy
Valeton ¥OTNUYAD turmeric %ﬂ’é]gsl.u’Nﬁ Zingiberaceae Iyenesdunuanannueen lifie viiu
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(VI’JHL”]J) VIR UULNY VHUA VUUNDI YUUKEIN VHUK (LGHEJQGI,VIN) YNUU HUU (fﬂﬂcl@) YD
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(NI O-RWNAUNYS) dze0 (NzMTos-ulgesaoy)  viludwiluiraiunirfidgniunaly i
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aﬂymmﬂummgﬂ% ‘JJLN\1LL‘IJLN?I‘1J‘VIi\‘lﬂi$‘U’t’)ﬂllﬂﬂ@@ﬂﬂﬂﬁ@\i‘lﬂ\iﬁﬁﬂﬂﬂﬂﬂu ‘JJﬂ‘]_]QﬂﬂL!MWﬂﬁlu
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UszmaAuauioBens MoonRed 1@ AunduAg l1“]/]8 Tenaund A5aen oulailize ll@]“ﬁ’)l! N1

luf mezundiveslszmaiu Taodsymadudoiulszmadnaniolvaigauealan daui
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1 uen 1dun mihraauazuis Taessergnieunuiiwitienlaunsiserg 9 i 10 ey d11s
2 o { A ° o ' S
UszimetIng viiuduwduayulwsitdominnlslumsisznevemsuazensnuTsaaieg wuilu

5TEZNAUIUNAT 1FU 15ANeINUSZUUMIEe801MS 519NNs H09329 Juanlunszimizens

a ) o/ =)

Tsaraviie elenladiadmsuans  lsaad (51, 52) JsauziSawiiaaiee (21) 111949103

v 9
v A A Y Y

[ o IJa a : So qgj @
gsorvisazasiaindinune Jiussve tazrnNasines ANy Gdﬁﬂﬁf]ﬂ‘ﬁflﬂfl\iﬂﬁliﬂﬂlﬂﬂ

5
k4 9

9 4
(anti-inflammatory effect) gudannnie (antibacterial agent) dudures (antifungal agent) gUEId5

J v J . o 09/1 2 < . . . : s
NONANYWUT (antimutagen) JUEINITLUIUNTOBNYIAYY (antioxidation) Fana lnlumsduuzisa
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[ 4 g o [ ] o 1 1 A A
gazdumMInLIdIveuaduzisade lunsuudusa ualistearumsanyinaislseneun
wva 9 aaa . . 9 @ [ Qa: a a3
ﬂmamumﬂumimuﬂgﬂsm oxidation LAZATUMITONIFUIZAIUITOYIVYINITZUIUNT (NANSITI
T W 4 < Y
HarMILLIAveUad NS 1A
= . . . Ao o Qy o Y Ja a s . . &£
01390NYNTD (active ingredients) wmﬂaﬂuwumu"lmm IADTAIUUDYA (curcuminoids) K
Y o a Y 1 Ja a . Ja a
ﬂﬁzﬂaumamimﬂty 3 %7ia launines ANy (curcumin), AUANDNFHIADTAINY
. A A ~ Ja a . . £~ Yy A
(demethoxycurcumin) 18 TAANANDNTIADIAINU (bisdemethoxycurcumin) BIN IATIATNNLAN-
1 Y] ~ 3 a dy vAa 1 4 { <
ANNU (gﬂ‘w 5) @138 3 %uﬂuﬁﬂmfmuMumi@,ﬂﬂﬁmmﬂumammﬂnﬂﬁuﬁmmmnmmu

b4 4

4 A
ladaua 420-425 unTwmas (nm) asdayne 3 siatilinuauianedgl laasdl

4
1. Bis-(feruloyl)methane ED) 1,7-bis(4hydroxyphenyl)-1,6-heptadiene-3,5-dione W30 1n03
a a =) Y QEJI =~ g’ @ A o
Ay ilszunan 49% veesandagiianua TimiinTuana 368.39 gas luanane C,H, 0, U
= A Y 1 3’ Y 9 s 9 = J Yy 7 a a
I GRNGEY Ulmzmﬂm azmﬂhlﬂumaﬂuaﬂclu@mm uazazmﬂulﬂﬂcluu@aﬂﬂa@a ’axﬁﬂﬁu Iﬂﬁﬂ
2 oy 9 gy 9 = A g’ 1 = =
au'lnanea (propylene glycol) nsarhduduYY uaziwudy Tahaauasluasazaioais fvdeq
luesazaiensa Fereinamsulasudzegn pH Uszuu 8-9 uazligarasuimralogh 183°C
aqaaslugln 5
. A A = Ja a <3| = A =
2. Feruloyl-(p-hydroxycinnamoyl)methane ¥IDANANDNFIADIAINY Wunedvians uaA
A O % oa.ll = A
naoumaINszana 168 °C wulszanm 28.7% vo333ningianua taziigas luranane C,H,0,
aqeaaslugan 2

) =

. . A a A = Ia < = A 9
3. Bis (p-hydroxycinnzmoyl)methane Y39 UTANANDNFIADIAINU Wuasaviaesdy 4

Q

=

v A
vaouaN 224°C wu'lddszunm 22.3% vosseadagianua uazligas luanafie C H,0, A
waadlugii 2
vAa o sa A 4 Qy o Ia A 031}

nnpuduiAvesasananosAluesaINUiUTY  Tasmwizaisiaesaaduiiull

wa & v < Y o I < = =
Auantadumsd sy tazmsAumMINaveIFaauIz (18, 19, 21) FIINMTANHN
ti’ Y @ ' [ Qy o 0911 Ia A = = Ia A A A = Ia
HIDIAUIINLNATANANAVLUTUNUADT AU ALuaNenTADs AU Laz TaRmanendinesai-
a 1 o QSJ’ ad A u’/‘ . 4 3 &
1 InaneMIdugImsuaaIoonvoduIanmuesIu Melu leukemic cell line HazisaauzI5Uila
A
189AU1)

A ad ) : s A Y a A ¥ o ~

SUISNYNOIIY (Wilms® tumor 1 gene vi30 WTI) 1Huduignaunuaiwsnluil ad. 1899

: 1 ) 1 < <] { 1 .
T Max Wilms #elusaausn ldhimsanuludihelsauzssweslalu@niiFond1 Wilms tumor
Y

%30 nephroblastoma @031 Call HALANY (6) TINN Gessler tazane (53) lavimsAny Az NN
a ad LY 3 A o [ [ 9 3 = =
dulaue U ulduseguunudvduveIas TuTaugi 11 wazlinnuelszunm 50 kb
d! G dy 9 [ os/' d‘ a . . 9 d‘
FeoutUsenev UA18aIU exon NIHUA 10 exons HBIAANTEUIUNT transcription 32 1@ mRNA

4 a { 1ad Jo
Huuaiszanm 3 kb uaziliomanszUIUMS translation 3% 18 Tls@uniFondnIdunmes Tu (Wilms’
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1 Y 2
tumor 1;WT1) BaTYUIAAILA 48 14 55 kDa YUDGAUNTZUIUNT RNA alternative splicing (24, 25,
' Y 1 Y
54, 55), RNA editing (56) i translation initiation (57) MRV FIIAATLUIUMIIMaIHIZAINA
a [] 1 { 9 I 1 1 @ a [
IiRamsivse liTa e exon 71 5 &4 Hudrunoeasiia 17 ldnsaoziily 17 1 (£ 17 amino
acids) waznsaezily 3 @dldun lysine, threonine 18 serine (£ KTS) ATIVTIM exon N 9
[ ] Y
SEWIN zinc fingers N1 3 Az 4 (3U7 6 uaz 7) ManszuIumstdudinald 1dTdsAunaiun 4
a . J ad 5% { = 09.1} < .
¥il@ (isoforms) laun Tus@u Iaunuesiu Mlinsaezd Tunsunanuaily WT1(+4+) isoform 30
. ad o A a o < . ad
wild type, Aauiues iu Amsviane ljvesnsaezii Tu 3 @3 (KTS) 111 WT1 (+/-) isoform, 3014
Jo Ay 1A a v o . ad Jo A
woesu flulinseeziiTu 17 @nilu WTI (-/+) isoform taz Jaupuesiu Aimsvame lves
a o Y o . = a ad
nsAod TUN 17 damag KTS 11U WT1 (+-) isoform Taganmsanyinmisnaatoanved Isauiany)
J o 9 as = 9 1% Y 3|
WU 2875 Western blot e WULALVDI)5AY 2 1AUAEA U LOUAUUUILT WD VYR WTI
v
o o 1 [ I
(+4) ez WT1 (+-) TihminTuanalszuna 54 09 55 kDa aauuouauareilunouves WT1 (+4)

wag WTI1 (+-) Faihiwiin Tuanaiszana 48 09 49 kDa

Curcumin |
4 {Curcumin) 18

Cureumin 1l
HO

4 {Demethoxycurcumin) 18

Curcumin Il
4 (Bisdemethoxycurcumin)

HOY

g‘ﬂ 5 uaaelaseaiaves curcumin, demethoxycurcumin Lt8¢ bisdemethoxycurcumin

=3 A o A ad J v 9 < a 1 1
ANNTANHUNYINUNITUTAIDDNVDIYUIANNINDTIU GLHIZ!‘]J'JEJT??W?J&?QGHH@GYN‘] NUIN

9

A Ao Y A g J o oI ] 1 I = Y
fJuuﬂ'lwu'lcl/llﬂuulmﬂﬁc]fU!Wiﬁlcﬁﬂﬁﬂu (tumor suppressor gene) !W]@ﬂwqqﬁﬂﬁquﬂqiﬁﬂy’ﬂuﬁdﬂgﬂ

g I A o A A ad o . A s <
3J3!5\1L3Jﬂlﬁ@ﬂﬁl11'luu‘1/‘|ﬂ'ﬂllﬂ']'illﬁﬂ\?ﬂ@ﬂﬂl@ﬂﬂuﬂﬁuum@ﬁ?u (wild type) VIQ’QNTﬂiuL%ﬁﬁﬂngﬁﬁ

< A

Haaeav1IA9oUNI1UNGUUDY myeloid 1Az lymphoid cells (10,31, 35, 58, 59) UAZINMTANHN

4
[ 1 1Y) ad -5 o Y ) .
mwuﬁmﬁzﬂummﬁmaaﬂﬁuaﬁmaumm‘s’m HULYSHARUAUM SN0 (prognosis)

]
=1

Y < < A Qs/’ A ad v A dy
GU@QEjﬂaﬂjﬁﬂugﬁ\uuﬂlaaﬂm'lj (60, 61) 3')3“/]QWTJﬂ']ﬁll,ﬁﬂ\ji’)@ﬂﬂl@\‘]ﬂﬂ?ﬁﬂﬂulﬂasgumlwumuclu
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91 A o ] = o g =2 . o
rﬂﬂ’JEJ‘VIﬂﬁ‘]JiJW]JuI‘iﬂfJﬂﬂN (relapse) (62) UBNIINUIINNITANYIVDY Yamagami LazAME (35) 89
' 9 . A a a J s & A Y i
WUIINT 1% WTI anti-sense mmmmzmmmwmuTmmmaanmqmmaaﬂmﬂﬂ UONINU

Y 1 S I 4 Aad &Y
TumsANYIVDI Menssen tazae (12) "l@ﬂanﬁﬁuﬂaiwumﬂmmmaaﬂmm‘émanumas’m
A ad Y 4 < < A Y < < A 1 [ (=
uaziﬂmmauumamu Glmcmammmmaammeum@ﬂaﬂmmmmaamnﬂqmnm WU

o A ad o A ad J v S < = a

TZAUMIUTAIDDNVOIIUIAUNINDITIU uaﬂﬂmmanmmnu TupziF adaaonuI¥Ha acute
myeloblastic leukemia (AML), pre B-cell acute lymphoblastic leukemia, acute lymphoblastic leukemia
(ALL) u@¢ T-cell acute lymphoblastic leukemia 1© 93%, 86%, 80% LAY 74% ANE1NY HI910

Y1 A

Vo A Y 1 2 ] ad Y X 3 & A o
anuinanuan ldnarndi Ivawnsoagd1dhduidugues v ludiheuzi5aliaboauniu
o Y A I =y 1 d o o =® =~
wmmmﬂuaaﬂﬂﬂu (oncogene) NTﬂﬂﬂWulMﬂi“h’UlWﬁﬁl“ﬁ@iﬂu IﬂEJﬂ'l‘iﬁﬂ‘H'lﬂWi!Lﬁﬂ\i@ﬂﬂﬂl@\iﬂu
ad o qg/l o a, [ 1
FAUNINDIIU uum"lﬁ'wmm%éfaﬂﬂuwu mﬂ% Western blot analysis (34, 59), Quantitative reverse
. . . o o '
transcriptase-polymerase chain reaction (RT-PCR) (10, 63-66) Wudu TagnsdnyINInua WuImM3
A ad v A d?} (] ] Y < < A A = ~ o
Lzﬁmaaﬂﬂlmﬂmauumamu LW?J‘UL!@fJ'NGIfﬂLﬁ]uGluQﬂ?ﬂiﬁﬂugliﬂmﬂlaﬂﬂﬂﬂfl LiJ'E]L‘]JifJ'UL“VIEJ“]Jﬂ“]J
a = Y] = A A 9 o o a ad v 1 A ad
‘ﬂu‘ﬂﬂ@] 611!%’&1&@EJ'JﬂuﬂTiﬁﬂ‘HTVILﬂfJ'JEU’ENﬂUﬂ15°VINTLJ6UfJ\1Iﬂiﬁuﬂﬁm‘ﬂ“mﬂiﬂu W’U’Niﬂiﬂuﬂlau
J v 3 o Y A .. Yo A 1 A A 9 [ Y]
NUBIIU uu‘nmmmﬂu transcription factor Gl‘l"iﬂ‘]JEJL!GINE] NNYIUBDINU NISUIUNITHUIAIUDN
4 < 1 I Y & Y Aa
IBANLTUTY Egr-1, PDGF-A, Bcel-2 i8¢ c-Myc L‘].I‘IJG]L! 67) "]N’L’NNanlﬂﬂaulﬂﬂluﬂ"liﬂ'lﬂﬂﬂﬂ'lﬁlﬂﬂ
s 3 A v o = o A Y o P} B ~
L“])'aailgliﬂlﬁ'ﬂllﬂ ﬂ\iuuﬁﬂﬂNaﬂTﬁﬂﬂ‘HWﬂQWllﬂVlﬂa"l'JﬁJ']LLﬁ'WnGlWﬁuJ'lﬁﬂclslfﬂTﬁllﬁﬂ\T@'ﬂﬂsUﬂ\iﬂu
ad 5 a2 ad 5 < = dy ) o .
AAUNINBIIU u@ﬂﬂmmamummm LPIJHWD'L!‘U\‘]GB (marker) mmumnmmmquma (severlty)
P2 . 9 d & A = A A 9 ' L.
LLa%WﬂTﬂﬁﬂ!Iﬁﬂ (prognosm) GIleEj']_]'Jlel$Liﬂluﬂlaﬂﬂ‘lﬂ'}ﬁ'JiJhl‘]Jﬂ\‘]ﬁﬂ"l’JgﬂlﬂfJ’J"U@\Hslfu minimal
residual disease (MRD) 14 (35, 68-70)
1 a ad Y 1 a
Ye tagAiy (71) WUIIN13I0A phosphorylation Y94 T1sAUIauYIweIIU 71 PKC 110y PKA 1510
v
ad v [T o . . . Q
C-terminal domain YDIGUIAUYILDITIU UNATUHINITNINIUUDA protein-DNA binding 1113911
1 (:" 1
iy tumor suppressor  Bentov LagaAde (72) WU insulin-like growth factor I %30 IGF-I
ANNIDAANIUAAIDDNYDITU WTI TUNTZUIUNINOATHA (transcription)  IAeMTATyQ I
' Y Y o = Y A A ad S A
NIUN1ATU MAPK pathway Ito uazaue (73) "lmn”|msﬂﬂymummmamannmaim BUA
[ qu; 4 <3 a [ o
17AA (+) WT1 GlUﬂTiEJ‘]JfNﬂ"Ii@]"IEJLLU‘U apoptosis UYDIUFAANLITITUA K562 W‘]J'JTGlHﬂTiVINTHGUE’N
I v
1 A9901WodIUUD DNA-binding  zinc-finger 1UAITHIMTNNAINa1IA8 wanIAT TNy IEU
v
ad v A v W o . '
MUNIUDIIU FUA 17AA (HKTS(-) F101309VYIINTTNIIUVDN proapoptotic Bax Tudu upstream

mitrochondria UBINTEVIUNIT intrinsic pathway
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N-terminus C-terminus

(-219) (+1) (+378) (AWTI)
CTG ATG ATG ATG

DNA I’\

(+842)
RNA ediling
(+748) - (+798) (+1222) - (+1230)
Exon 5 (KTS)
mRNA ] n
I u
BASPI Puhps
hUCE9 Par-4 p53, CBP 408-410)
Hsp70 dy A KT8
protein amino acidno. (1) (250-266) (323) (449)
[ cxon 5 | D l
zinc fingers
repression domain 84124

181 250

activation domain

self association 1|——+—— 180

DNA binding 13 438
RNA recognition 11___72
4 zinc finger |
Nuclear localization 201 350
signal zinc finger 2/ 3

[

~ 9 A ad 5% =} < 4 =\
'g',‘ﬂ‘ﬂ 6 Llﬁﬂ\ﬂﬂﬂﬁi'lx‘l‘llﬂﬂﬂu’)ﬁﬂnlﬂ@i’)u Glu'i%ﬂ‘ﬂ ALDULD, IDUDITIDULD uaﬂﬂwu

Structure of the proteins encoded by WT1 Four zinc fingers
(DNA/RNA-binding domain)

1 2 3 L]

Praline and glutamine-rich
transregulatory domain

Alternative splice Alternative splice
(17 amino acids) (3 amino acids: KTS)

{ ad S
1 7 uaaslaseadvesmsadelsdudauygwes ju
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ﬂqﬂ‘izmﬂmmmﬂmam
A = Ja A 1" ad v 4 oa/’ a 4 < < A
1. efnymaveunesAIluapIannues ulo Tavlesune 4 aiia luraduzsudadonun

Y
a [ 4
INZIAIBTA K562 lago1fenames 17AA (+) WT1 uag 17AA (-)WTI
2. iledAnwaveunesAuaemIdsdyaanieluwad lumsnszdumsauvesduiauy-

U

S J s < A dy a
wes U luraauzis ulaoav1 UNIZIae9rHA K562
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35Msnaasd

2 d a
1. ﬂ‘lilw'IZEEEN!mﬁaNglgﬂlﬁﬂlaﬂﬂqng‘”uﬂ K562 uaz U937
g s o A g s & - & g
LNICLAYHEAANSLIN “]fﬂﬂ?u’)ﬂf]clﬂfl“]fﬁﬁllglquﬁuﬂ K562 1tag U937 ﬂggﬂlw']zlaﬂﬂclu@']ﬁ'ﬁlﬁﬂﬂ

1528 RPMI1640 (GIBCO-BRL) 9 pyruvate 110 mg/ mL, 10% fetal calf serum 46 HEPES 10 mM il pH

a

o dy A J a
7.2 - 74 Mimamnzidesludninisveu lasen lud 5 % uasiiguugil 37°C

U

= da A ' ad Jdo J
2. ﬂﬁﬂﬂHmmlm!ﬂaimuuﬂmauumai’m"laimﬂeiu

v

d' a 9 J =\ % A ad o
iesnnlaglnauadlueas U937 Insuandioonvyediia WT1 mRNA L&ﬁ%Iﬂi@]ﬂ?ﬁNﬁlNﬂi

= v

Suegudiszduwila udseduidugwes fuTdsduifiseduiidunn uaziilodins ansfected  WTI
isoforms itazs 1 vznUAsERUMSIAAIENYEINY WTT mRNA wag TsAuIdunes u vz
nafigannanindnmeni ienSeufvufuisadaiugu (cell control) tag mock control taziile
fmsnaaeudienesiafiuainiissdunsaateenveans WTI mRNA uaz TUsAudaunes ju

g
a

] ] <3 Y o S A A 9 o [ Z [ Ja A =
u’]‘ﬂ$a@ﬂ\iﬂ81\1lfﬁuhl@‘Ifﬂ%']ﬂll'ﬂi“l)"wa'iilﬂlﬂﬂ'lsll@ﬂﬂﬂﬂ']ﬁfJTJﬂﬂm@ﬁﬁ]ﬁﬁﬂﬂlﬂ@ﬁﬂ?uuﬂﬁﬁﬂ‘ﬁ

a

3. M3lnaueu
° s £ 2 S A A ad s Y ]
1013 transfect  15aa U937 Fauiluraanimsuaaeanved lsaudaunues iuiios dae
s . a A
NARBINY WT1 isoforms 4 sUAAD WT1 17AA (+) KTS (+), WT1 17AA (+) KTS (-), WT1 17AA (-)
Y Y
KTS (+),WT1 17AA (-) KTS (-) Tag'l4 Lipofectin faiunouasae 1/t
o Qy 1 <3 1 a 4 T W
MBFUTIUADUBYDI WT1 UAazyia (WTI +/-+, WT1 +-, WT1 -/+ H30 WT1 -/-) 150N UN
a a [ Jd
NAUAYUA pcDNA 3.1(+) ("lﬁ’smnmamﬂiwwmﬂ Osaka University Graduate School of Medicine,
3 ) a [ a 1 4 o 4
Suita, Osaka, Japan) INWIIwaalaonauLAazyIadgasaai 1t (Escherichia coli a1OWUT,
Y v
DH5-0L) #1895 heat shock MasnmiuastaaeuIalatinaiaiag lasunaraiamenay Iasfadon
~A A d! ' Yo a d‘dgl dy dy a d‘ aaa
Taladidvndemanlasunaaiaaenaun U150 8UF0YHA LB agar NWNANLONATAY 100
2 2 ag Y  an a Y aaa A
pg/ml VURNFUAD UL #2875 PCR LazasIdounanandl18350tan 1as INSTaun 1% agarose gel
=1 = [ A A 1 4 = [ ~ A [ a o ~
nlseuneudy waraian li'ldieuseddue wasnnn'ldlalaini ldsunaraiameonauiirlalad
2/} A a A aaa Y o AR A A A %
WUL ALY TINUUUDIMIT LB agar NHANUONNTAY 50 pg/ml ud1i1 Taladidedl naradan lasuae

N3 ualy LB broth Inauueufiday 100 pg/ml wazadanaiaiavinsadidnthude3s

Plasmid midipreparation: Alkaline lysis
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4. msnvaeunmaiiailnarlan e restriction enzyme
o a [ do o Aa o 1 {
Wmaalaunauny Buffer R uagou lui@adumie (Hindlll, USHN Fermentas, USA) LN
a M aaa (] g} <3 A o ada
gauQil 37°C U 16 %2 T ngallfnsen Tasmsusluriwds w10 Wit i llasavdeudleisomn

Tas 195 auu 1% agarose gel 1WSeuneuny 1 Kb DNA ladder marker (‘]J?ﬁ‘l/l Fermentas, USA)

5. msvhiudhdivaddituidy mammalian cell

Tmanaiamonauiasaldunmauiy K buffer, 0.1% BSA uaztou laidas uniz (Pvul, U5EN
Takara Bio Inc. §1J1) Unflgangf 37°C wiw 4 $2Tuq wQﬂﬂﬁﬁ%ﬂﬂ8ﬂ15gtsﬁiuﬁy1glﬁq I 10 UIN
i lasrnaevudieitoanlns IWSTauu 1% agarose gel W3suifisuiy 1 Kb DNA ladder marker
wimnhsuwaaiafisadioeu laudas g 5 ng HANNLUOIMITTUA incomplete medium 1640
1UIU 150 pl 11ag superfect transfection reagent (UTHN Qiagne, USA) @mﬂumugﬁyﬂqmaﬁﬁﬁmaﬁ

]
a =

U937 311U 5 x 10 cells/ml ﬂuﬁ’qmﬂ@,u 37°C 153 5 % miveulaen las w1y 48 $2Tue ndaniiu
Auaduaziludasaddie PBS 14 ase udnlSumadild 1 x 10° cellyml dav01m13
RPMI1640 71Tl 10% FBS edmuuafiize nazen G418 vidamnmiumaoalu a1 96 vu Tagaunquas
100 pg WU 14 Su Fuaad 1937 7l l&sugumaraiadn e awsansalueomsin Gais 18
unlaauveusad U937 718508y waradadhlezaunsansyld nEmmhnimsdaidonnan
HAZATINADUTLAUMSLAAIDBNUDITUIANYNDT TU dazyila uaz mock NIFvufivuiuead U937
Al 183 thedsall 82655 33 PCR nazasndeunanandeitianTas TS auy 2% agarose
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1349383 total RNA
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) a 4 1 aa o 1 §
U IATIEHANUUANA N 1ADALUY One-Way ANOVA  a2eTdsuasy SPSS  udaiaii ldun

'
g aa A

nSeuifeuanuuanasedaliiesdinyneana iannuseiuseeas 95, p<0.05

v
a

(Y] d < s A a = v d dos
13. M3ana total RNA Ydawaanz15usinmenv1viia U937 fign transfect wagdaniuesiulely
W53 @115V real time PCR
@ S 09/, 31 ] . . .
lumsana total RNA mmwaéﬁmﬂmmuu i]ﬂ%}HWWﬁuﬁi]gﬂ High pure Isolation RNA Kit
(Roche, Germany) 1182133 RNaseOUT™ (RNase inhibitor) 0.5 84 1 pl tiietleariumsiauvesen laf
3 o 3 1 o 1 ' o [ 1 5 o
RNase 91011UH1mM3IAY RNA fiadalai -70°C aundnvzsimsnaans Tagudsaiunfiaunniinmsm
a a Qd d' [ J Y [ ' A d‘ d‘
Usmaazanuuignives RNA fidialadienisianinisganauuds (OD) Nnue1InaY 260 Lag
P A ~
280 W1 TUINAT ABIATEY UV spectrophotometer 1A8i:
ANUTUTY RNA (ng/ml) = 10D 7 260 nm x ANUAUTUYDI RNA 71 1 OD

(40 pg/ml) x dilution factor

7 v
ﬂ’NiJ’U‘iQVIﬁ"’UEN RNA = 110D ﬁ 260 nm
A1 0D 9 280 nm
1 a Q( d‘ (% 9 3 9 S 1 1 1 = = A 1 [
Iﬂﬂﬂ1ﬂ’ﬂu’u‘ifﬂl‘ﬁ‘ﬂﬂ\‘l RNA ‘ﬂﬁﬂﬂ"lﬂuu%mwmagizmn 1.6 D3 2.0 992 D919nA RNA

4
laanuusgnga

14. Ms¥indSanavea total RNA
a y v o 1 Y Y A ~ A
m3nlSnannududuves ol RNA il Tasmsiamimsganaunasinnueinau 260

118¢ 280 nm AI8IAT04 UV spectrophotometer 1a8 total RNA #11a3 83'1AA251/5171910 DNAase, RNAase



32

1182 Proteinase 8A31AIUAINTAANAULAIN 260 nm/ 280 nm AITVEHANTZIY 1.6-2.0 TAgiiudm
ad QJ dy
INITNIALL
2 v
1 eihnaulsunag 198 ul t1ae total RNA 2 pl (L?]’E]ﬁ]"lﬁ 100 1911) a9lu microcentrifuge tube
Y 9 o
wauIvidnnu
o v 1 A A Y A Y g’
2. m"lﬂmmmiaﬂﬂauuaw 260 1ty 280 nm AYATOI UV spectrophotometer Tagloiin
Y o '3
naulsugud
o o Yy 9 Y S [ 9
3. INAUIBHIANVIVTUVEI Total RNA Taglsgas 1 OD UAUMIAD 40 pg/ml HaIfw

&8 dilution factor (X100)
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HaN1INAadl

4 ~
HamInaaaai 1. Namslnaudy

o s & g A A ad Ju Y Y

1013 transfect  15ad U937 uilusadiiimsudaseenvedllsauiauywes iudios aqe
s . a A
NAMDINT WT1 isoform 4 ¥1iane WTI 17AA (+) KTS (+), WT1 17AA (+) KTS (-), WT1 17AA (-)
Y Y Y
Y [ YA | A o A 1 a g [
KTS (+),WT1 17AA (-) KTS (-) Tag'l4 Lipofectin faiunouasae i sudiudduevos WT1 uaaz
WA (WT1 ++, WT1 +-, WTI -+ H30 WT1 -/-) ieuaenunaiaiayiia pcDNA 3.1+ (1d5unnu
Y

4 Y o a
?UIATILH N Osaka University Graduate School of Medicine, Suita, Osaka, Japan) 31NUUUINAITUA

4

1 a [ o 4 as Y] Y
amenauaazyiagisaai i (Escherichia coli #18WUF DHS-0L) #2677 heat shock Waa1n1iy
asrvaoulalatinaiadieg ldsunaraiiamenay lasdadonlalaiidvngiaannldsunaraiaaie

~ -4 y kg a { Aaaa A Qy < as

HANNTUUUIMITIABUYOYTA LB agar NHANLBNNTAY 100 pg/ml VUNNTFUADUID A187F PCR uay

a 9 ada A A = ~ @ a A My A 1 as
ATIVEARUNANANAIEITOIAN 103 IWSFA VU 1% agarose gel W/5puiisuny wanraiiahn li'ldieunsfou

[ d‘ 9 dd’d Yo a o = 2/’ Q‘ a d‘
o o991 14 Inlafinil lasunanaiaaenauiiilaTatiiusindSnauue1is LB agar Mnay
Y o

Aaaa dd! = a d' Yo t:' a d' a
LONNEAY 100 pg/ml L1aIUN TaTatiaad WaWﬁllﬂ‘Vlllﬂiﬁﬁmﬂﬁﬂiﬂmilﬂﬁiﬂmclu LB broth NAEULDUN

Aaa [ a 4 A, [
Fau 100 pg/ml LazananaalanAEad 1t UAI835 Plasmid midipreparation: Alkaline lysis (faL@

Tuz1l 8-12)
: —
Marker (M) C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Vec
1kb
750 bp
500 bp
250 bp

o

Y 4 | a 1
31N 8. naasmsnsdon Inauves Escherichia coli 6eWug DH5-OL N3 una1aianlal
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C2 C3 C4C5 C6 C7 C8 C9 C10 Vec

750 bp

500 bp =R R — k=] WTI1 +/+ (474 + 60 = 534 bp)

250 bp

H o J ™ a <
51U 9. udaImIns19d0u1AAUVON Escherichia coli @18WUT DH5-OL NSUNaaiafdouoay

U

NEY YU WT1 +/+

Cl1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Vec

750 bp

500 bp R —— WT1 +/- (474 + 51 = 525 bp)
250 bp

H v & A o A ad
i‘ljﬁ 10. Llﬁﬂ\‘lﬂﬁ@]i?%ﬂ@UIﬂaHﬂIGQ Escherichia coli ﬁ1EJ‘V‘ILl‘I§ DHS5-OL NTUNATUAALD ULD Y

Y

WY YA WT1 +/-
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Cl1 C2 C3 C4 C5 C6 C7 C8 (C9 C10 Vec

750 bp
500 bp . s me mo o e S oS Em oD e WTI1 -/+ (474 + 9 = 483 bp)
250 bp

H 9 4 ™ a <3
51U 11. naaamsasavaevu Inauued Escherichia coli ®eWuUf DH5-OL ATUwaaiiaaouoay

U

WA BHUA WTI -/+

Cl C2 C3 C4 C5 C6 C7T C8 (C9 C10 Vec

750 bp
500 bp . - e o = a BT G B - WT1 (474 bp)
250 bp

$ o @ { o A <
31U 12. naaamsasavaev Inauved Escherichia coli ®eWuUT DH5-OL ASUnaaiaaduoay

U

WEY ¥UA WT1 -/-
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mInsaeunaralaninaulAa e restriction enzyme
o a [ do o Aa v 1 y
UINNTUAWINTUND Buffer R uazmu“lmmmuww (HindlIl, US¥N Fermentas, USA) ‘Ullﬁ
a o aan [} gl <3 A o Y ada
[B2NgRIRY 37°C WU 16 "If'JIiJQ Wfalﬂﬂ{(]ﬂifJ'lTﬂfJﬂ'liLL"]fGluunHN HUIU 10 UIN m"l,ﬂmai]ﬁaummﬁmaﬂ-
Tas IS Hauu 1% agarose gel 1W/Seueuny 1 Kb DNA ladder marker (‘U?ﬁﬂ Fermentas, USA) (A4

naaalugy 13)

WT1+H+ WT1-+ “WITI== Mock WTI1 /-
Marker uncut cut wuncut cut uncut cut uncut cut uncut cut

H A A do o a as
51 13. uaaansastvaeunaraian Inau ldareeu lsidad unizwila Hindlll tazailaaaudIes

Y

a

oranlas INGTavU 1% agarose gel

oy Yy ¥ Ag ¢ a .
Mg saatuniuesadyiia mammalian cell
Wmaaiamenaunana lauIneauiy K buffer, 0.1% BSA waziou laidasumig (Pvul, U5E0
H v v
Takara Bio Inc. Japan) Uufigaingil 37°C w1 4 %2 1u9 vigadlfnser Tasmsusglutiuda i 10 wi

QU q

i lasnaeudiedsdanlng IS Faun 1% agarose gel W/3ouReUND 1 Kb DNA ladder marker (914
A o qu/ ) ay A Ao 4 o [ a

llﬁﬂ\‘liuzﬂ‘ﬂ 14) ‘wmmﬂuuuwuwmamwméﬁsuau"lwtté"m"lmu 5 ng WAUNUDINITVUA

incomplete medium 1640 31U 150 pl LA superfect transfection reagent (UTEN Qiagne, USA) ANAY

dy Aa 4 o oA a A 4
Tunudsusadniias U937 $119u 5 x 10° cells/ml Uungunigil 37°C 1l 5 % asveulaeon lad
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S o S g P y o o o a
W 48 51109 nasnnudusaduazudrusadails PBS $1u1u 4 a5e udSusadldld 1 x 10°
v Y Y
cells/ml #2891115 RPMI1640 13 10%FBS 1@ uuuaiine uazen G418 wasnniu@ealu 911 96
a [ d! o d‘ " Yo A a 9 ' a
viqu Taoiauvguaz 100 ul Wi 14 u Fuaad U937 7l lasuBunaraiiadn e Tuaunsonsgylu
A Y s A Yo A a 9 a Yy o o o
913NN G418 14 1a Tnauveasaa U937 1 1dsuBuwaraiia 1 ldszamnsonsgla vamnmiudinsg
Y] o = 1 a =) =1 [ 4
Aaaen IAauIAzAIIITDUILAUNTLAAIDDNYDIBY WTI UABZ¥IA 1Ay mock WFsueuiusad
U937 7 luldimsaedudi il §2833 RT-PCR uazastvaeunananaledsoanlas WS Fauu 2%
[ A an . @ ~ dy 9
agarose gel (Aanaaelugili 15) 1azs Real time PCR (Asuanalugilii 16) wonainiildasraaoums
v ¥ Y
uaa0enuea 11511895 Western blot (Aanaaalugilii 17) Fawunidies WT1 (+/+) isoform 111111
v v v Y Y
NATMINMTATIVIAMIUAAINNUUINVUAI8IT Western blot 18 sa1iuda ldniinsnsramsueas
[ v Y
v0a11581 WT1 11 WTI isoform 81317313 transfect 1971 11 iuaninsonan 11581 WT1 (exogenous
. Y A d? A = = o . @ [
protein) "1mwquu werlFeuneuny wild type U937 A% mock control Tagorfonannis

immunopercipitation Lag Western blot WU WTI (+/-), (-/+) uag (-/-) isoform ansanan llsau WT1

v Y
a <K

@ A A =) ~ [ . o v oA J
Y (@uaaaluga 18) WenlTeumenny wild type U937 1tag mock control tagiinmslsumenai
4
i1 B-actin (loading control) was1nu ladimsaaden Inaumdnulunsnaassne i TasAadeon
[ A = =3 o 14 A " Yo 1A 9 [l
910 MIUFAAWDBAVDI WT1 11 3 el sumeuduad vos7 1l lasumsareduinlyl au

mock @09liMItaa@anYed WT1 My U937 Aluldsumsoiedwdnly vdsnnndadenlnaula

J
=

udaunhmsAnmiuasatanesaliuuign
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WT1 +/+ WT1-/+ WT1 -/- mock
uncut cut uncut cut uncut cut uncut cut

— -, e, - il

3 A A Jdo o a ada
517 14. ugasmsasndounaraiah Inau lddroen laidasunzyiia Py nazasindoudrsisoan
Tas IWSFauu 1% agarose gel

= WT1 (+/4) WTLE=)  WTLEH+) WTL(5)
= [ ‘5’ ~ > A

2, 2 -, o S . % e i} »
§ 4§ F 5 ¥ & §Fy 8§ &8 8§ 8

B +117AA
—(-)117AA

g < GAFDH

a o a ! A Ao 9 s v 3 2 A
ETJ‘VI 15. AADUITSAUNTUAAIDDONUDIYIUY WTI UASHUA Vluum"lﬂumamﬁ]mm'Edmmaaﬂmn

¥ia U937 iienfTeuiieuny wild type U937 uaz mock 1a83% RT-PCR WazasaaaualeItolanlng
TS Fauu 2% agarose gel
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2.0 -
é 8.0
7.0
E 6'0_
]
=g 07
= S 40
- m 3.0
228 554
[P —% T
2% 107
= 0.0
=¥
>
= -3"\&(3\0"3@0‘!:@0":9&%
Z R S R A R
s BN @\;\ RO W N D & %

& q\&\e SEEEE

Clones

a Y a ' A Ao Y ) 3 & A
51]7] 16. ATIVFOUITLAUNTUTAIDDNUDIYU WTI LUAQSTURA Vlu'llsll'lllﬂ(luwﬁaam']llgﬁ\ullﬂlaf’]ﬂqnj

'

¥iia U937 werlSeuieuny wild type U937 1iag mock 1A83D real time PCR

(414 (413) (F) (#-) () ()
U937Modk 17 2E10 1G9 1C$ 1D 1E9

[ 8]

0
o

e
i

_1

|

~ o = 1 A Ao ¥ J 3 3 A
TiJVI 17. m’mﬁ’omzﬂ‘uﬂTiu’ch’eJ’eJﬂ"ui’)ﬂﬂmu WTI1 Uaagsua °|/lu1&‘]]']l’l,ﬂalul“lfaﬁﬂgliﬂlﬂﬂlaﬂﬂéln']

P

¥ia U937 wenlSeuieuny wild type U937 1la1¥ mock control Tag7% Western blot
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+H) () 1) 5
U937 Mock 1C7 1G9 1D6 1E9

72 W
55 (HL7AA
() L7TAA
43
«— p-actin
34

d’ @ = 1 a Ao 9 J 3 & A
gﬂ‘n 18. Sﬂ‘J’]%%Tﬁ]“UiZﬂ‘]JﬂﬁLLﬁﬂ\iﬁ]fJﬂ“llﬁNTﬂiﬂ‘Ll WTI1 Uaagsua 1/1uum"lﬂGluwaamgmumaamn

¥iia U937 efSeufeuny wild type U937 Uag mock control Tae75 Immunoprecipitation s

Western blot

v
=

wamsnAaesh 2. msanmmsiyivlnveuraduzisudiadeny1d wild type U937 naz U937 ign
transfect ﬁ"m WT1 isoform
= a J s & A . A Yy ad
MIANYINTIYVOUFAANZITUNADDAV1Y wild type U937 Loz U937 NQN transfect AI8IAN
Y
nwes Tu'le TaWosu 4 wila fio WT1 (+4), WT1 (+/-), WT1 (-/+), WT1 (-/-) 334%19 mock control Tagsi
csy c&y < o 1 Y o @ o Y am
mymziaesluemsaeusaailuszezal 1-10 7 Tasuaaz BTV IUIUFAAAI8IT Trypan blue
exclusion WUS1WIUVRIFAA TUuAD: TUAWAUAAIRIATIN 1, 2,3, 4, 5 uag 6 a3l 19,20, 21, 22,
o w 1 a a o’dy o 4 A
23, 24 uag 25 MWW TagarninmsanyImMsnigay Tnveasaail tunldneomgasuduvesns

Lﬂ%ﬂm%aﬁlﬁﬂﬂﬂﬁﬂﬂﬁﬁﬁﬁﬂ DU1INUZ Y
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M3 1. uaaIsIuEsas wild type U937 Miuldlu 10 Ju

un $1UFaa (x 10° cells/ml)
0 0.1
1 0.2
2 0.34
3 0.8
4 1.62
5 3.16
6 5.5
7 13.3
8 14.9
9 144
10 9.06
Wild type U937
16 -
= 14 |
E
& 12 |
3
S 10
o
X 8-
‘@
@ 6
a
2 4
5
& 2
0 ’ I T T T T T T 1
0 1 2 3 4 5 6 7 8 9

o o
IUN

a a a s & & A .
31]7] 19. ﬂﬁ‘l’\lllf’fﬂ\iWﬁﬂ"liﬁ]iilJl@l']JIﬁﬂJfNL“]fﬁﬂM%Li\immﬂ@ﬂ"lﬂﬁl wild type U937
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d’ o J A 9 1 A o [
AN 2. LAAINUIULEAR U937 Ngn transfect 728 vector a1 (mock) WUU(IU 10 U

i $113Uwa8 (x 10° cells/ml)
Mock 5D8 Mock 3B3 Mock 3C9
0 0.1 0.1 0.1
1 0.18 0.18 0.19
2 0.31 0.3 0.31
3 0.77 0.78 0.78
4 1.47 1.46 1.48
5 2.73 2.78 2.75
6 4.92 5 4.82
7 10.8 10.6 10.4
8 13.1 13.2 13
9 13.5 13.8 13.9
10 11.7 11.8 11.8
Mock control U937
16 -
= 14 1
E L
8 12 /
3 P
w10
= Mock 5D8
2 8
@ _e— Mock 3B3
(3 4
& 6 Mock 3C9
2 44
g /
& 24
O T 7T — 71 T T T

o o
UN
a a a J 3 I A A Y 1
ETJ‘VI 20. ﬂiWT\lllﬁﬂ\?WﬁﬂWﬁﬁ]ﬁﬂlumUiﬁmﬂﬂlcﬁaﬂﬂzliﬂluﬂlﬁ@ﬂ"]ﬂ? U937 ngn transfect 9138 vector !.1]’(31’]

(mock control)
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Y o J { { o @
3197 3. uaaadIuwad U937 Ngn transfect A28 WT1 (+/4+) MiuTu 10 u

Juh $1Upaa (x10° cel/ml)
WT1 (++)/1C7 WT1 (+/+)2E10
0 0.1 0.1
1 0.187 0.2
2 0.35 0.355
3 0.8 0.78
4 1.49 1.5
5 2.97 2.91
6 5.1 52
7 11.6 11.3
8 13.7 13.4
9 13.9 13.8
10 11.7 11.8
WT1 +/+
16 -
= 14 4
§ ./.
B 12 - /
3
210 A
S
X 84 WT1 (+/+)/ 1CT
Y
g 6 4 —e—WT1 (+/+) 2E10
5 4- /
=
‘@ 2 -
0 T T T T T T T 1
0 3 4 5 6 7 8 9 10

(-4 A
IUN

~ a a J s I A ~ Y
31]7] 21. ﬂﬁ'W\ILLﬁ@QNafnﬁlfﬂiﬂlul,@]‘]_lTW’U'f)QLCD'aa118;’&5\1!,119’]!,'61'0@"111'3 U937 nan transfect @38 WT1 (+/+)
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d’ o J A 9 A o o
MINN 4. LAAINUIULEAR UI3T7 Ngn transfect 938 WTI1 (+/-) ‘VI’L!‘]JTL! 10

$udi $13UFaa (x 10° cells/ml)
0 0.1
1 0.19
2 0.32
3 0.74
4 1.65
5 3.15
6 5.06
7 11
8 14
9 8.6
10 5.3

WT1 (+/-) 1G9

16 -
E 14
—

2 42
3 J
(3]
m°10—
e
X 8-
‘@
@ 6 -
a
= 4
S
- 2
°@
0. I T T

A a a s & 2 A P~ Y
31.]7] 22 ﬂﬂwuﬁﬂ\‘lWﬁﬂﬁ!fl]iiy‘mUI@]"U@QL"Hﬁﬁll%ili\illlﬂmﬂﬂmn U937 ngn transfect 78 WT1 (+/-)
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d’ o J A 9 A o o
MINN S, LAAINUIULEAR U937 Ngn transfect 938 WTI1 (-/+) ‘nuﬂu 10

un $13UFaa (x 10° cells/ml)
0 0.1
1 0.2
2 0.36
3 0.81
4 1.75
5 3.5
6 55
7 14
8 15
9 8.1
10 5.4
WT1 (-/+) 1D6
16 -

= 14

£

L 12 1

8

o, 10

o

-

X 8

‘@

C 6.

g

X

5

& 2

O y 1 T T T T T T 1
0 1 2 3 4 5 6 7 8
Y |
Sui

~ A a s 4 2 A d' Y
‘3‘1]‘7] 23. ﬂﬁmmmwammsaulmuimmmwmammmmaamn U937 nan transfect @38 WT1 (-/+)
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d’ o J A 9 A o o
MI319N 6. LAAINIUIULEAR UI3T NN transfect 938 WTI1 (-/-) ‘VIHTJDIH 10 U

un $1UFaa (x 10° cells/ml)
0 0.1
1 0.2
2 0.36
3 0.81
4 1.75
5 3.5
6 55
7 14
8 15
9 8.1
10 5.4
WT1 (-/-) 1D6
16 -
T 14-
@
3 121
(3]
o 10 4
o
% s
Nc]
@ 6 -
g
X 4
p
g 2-
°@
0 b T T T T T T T

x. o
AUN

~ a a 4 s I A = 4
51]7] 24, ﬂi']wuﬂﬂ\‘lWﬁﬂﬁlilgﬂiml@]ﬂi@ﬂlﬂ\‘]lcﬁaﬁﬂgliﬂlﬂﬂlﬂ@ﬂm13 U937 ngn transfect 038 WT1 (-/-)

Y
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16 -

= 14 - Mock 5D8 @/®

% —e— Mock 3B3 .

T 129 Mock 3C9 ../
.,,: 10 - Wild type U937 4 \
> —%— WTI1 (+/+)/ 1C7 s
oy 8 —o—WT1 (+/+)/ 2E10

g 64 ——WT1(/+)

= ( o

ﬂ

= (

2

°@

T T T T 1

Suil

4' a a 4 S < = =1 9 Aad v
3‘1]‘7] 25. ﬂ'sTNm;1Jmmamimﬂgmuimmmaammmmaamn U937 ngn transfect AIYIANNINDIIU

4 Y
14 4 o T3y 3909 mock control 1Az wild type U937

4 (% ia A a Qd o d y
wamMInaaesil 3. MIANBINAVBINTANANBIAINUUIgNEABMsINAIwaa U937 Ngn transfect
Aad do '3
aredauiues Tulelaviosa
= Y] Ja A a = o 4 4
msfnugnivesmsanamesaliuusgniaensihatowad U937 Ngn transfect Ao 4 loTas
.
Wosudasenoudae WT1 (+/4), (+/-), (-/+) 11ag (-/-) Y84 WT1, mock control 1tag wild U937 91nWaM3
] Ja a a = ° 4 <3 < 09: A
NAADINDIN 1ADSAINULT NS Tkalumshmemaduzi5 ulia@env1299 U937 #ign transfect A2g
ac P 7 o . ) ~ ~
Faunmes i 4 ToTawosuy 59uN3 mock control 1Az wild type U937 18 mnmsnlFomiieunanis
9 9y 9 Ja A a =% o 4 < < A ~
naaedlagldamnnududuvouneinluuigns lumsihaswaanzisuiafeay1d U937 #ign
ad P s o { '
transfect A283auNuos U119 4 loTawosy 52199 mock control 1Az wild type 11 50% n3oRiFonI
s 3 d A A Yy ag s o ¢ v
“IC,,” Taotaauzis ulaionv1 U937 Aign transfect A183aunmosuing 4 Tolaesuves 14w
Y 9 sa A a =% A o Y v 1 £ & A A Yy 9 o) @
WuduveuneinluDTgns lumsiildaadainananasnianils Aenanududu 21 pM d115y
% 3 & A
A ULISUNARDAVII U937 NN transfect ?91}38 WT1 (+/+) isoform Taau 1C7 1ay, WT1 (+/-) isoform

Tnau 1G9 NANMTNTU 19 uM, WT1 (+/+) isoform Inau 1D6 NANMTUTM 24 uM, WTI (-/-) isoform

Taau 1E9 Annududu 23 uM (ansneas i 7 uazgli 26)



tﬂ‘ = a‘{ % Ia A a Q‘{l I a " ad o J
139N 7. ﬂWiﬁﬂH"li]V]‘ﬁﬂlfJ\‘lﬁWiﬁﬂﬂ!ﬂ@ﬁﬂ’JiJU']Jiq‘ﬂ‘ﬁ@@ﬂ’J"liJl‘lJuWHﬁ@’Jaﬂulﬂﬂijuqﬂj‘ﬂfwaill

D) s 3 3 A A .
transfect mJflﬂLmaauzgmuma@ﬂﬂnwuﬂ U937 uag wild type U937

48

¥HAVD9 U937 transfected cells

ia A a A
ANMINTUYUNBSAINUUINT (uM)

IC,, IC,,

Wild type U937 cell 9+0.6 15£1.0
Mock control cell 8+1.7 17+£2.2
WT1 (++)/1C7 16 +0.8 21*%+ 1.0
WTI1 (+/-)/1G9 11+£1.2 19+£0.2
WTI1 (-/+)/1D6 13+0.3 24* £ 0.6
WT1 (-/-)/1E9 13+£0.5 23*+ 0.4

v
I=)

nan

u



% Cell viability

% Cell viability

% Cell viability
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Wild type U937

120 ~
100
80
60
40

20

0 T T T T T 1

0 3.125 6.25 125 25 50 100
Concentration of pure curcumin (uM)

120 W Mock cell control U937

100 <

—

80
60
40 -

20 A

0 T T T T T 1
0 3125 6.25 125 25 50 100
Concentration of pure curcumin (uM)

120 } WT1 (+/+)/1C7

100 < ; = -
80 -
60 -
40

20 3
J_ 3
0 T T T T T 1
0 3.125 6.25 125 25 50 100
Concentration of pure curcumin (uM)

(onrhda l)
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WTI (+/-)/1G9

% Cells viability

0 T T T T T 1

0 3.125 6.25 125 25 50 100
Concentration of pure curcumin (nM)

120 - WTI (-/+)/1D6
100
80 ~

60 -

% Cell viability

40 A

20 A

0 T T T T T 1

0 3.125 6.25 125 25 50 100
Concentration of pure curcumin (uM)

) WT1 (/-)/1E9

[
(3
<
|

q

H

H
—

80 - +
60 - 1

40

H

% Cell viability

-
L

0 T T T T T 1

0 3.125 6.25 125 25 50 100
Concentration of pure curcumin (uM)

20 A

" { Y] sa A a = 'o
51U 26. wa cytotoxicity N1avInmMsnaaeuaITanamesnlunIaniae WT1 isoform #1iudn

U

e

s 3 3 A
LEaaNSLINNA DAY U937
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1 1 o v A 1 3 a 1 s A
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vy A = Y] . 1 A v o w A A A o A
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Wild type U937 | Mock control | WT1 (+/+) | WT1 (+/-) | WT1(-/+) | WT1 (-/-)
YANIVAY 100+0 100£0 100£0 1000 100+ 0 100£0
(vehicle control)
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A 2 a4y o v A A g i Y 9 g
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szﬁhn1iuaﬂaaanmaaﬁﬁuxpuaé“uzﬁuarﬂﬁiua(gaﬂaz)
FANMINAADI o v T
AN 1 ASIN 2 AN 3 Mean + SD
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Vehicle control 10 15 20
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o g ¢ a . o o &
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BuAduwes Tundsnnnageudlsnesmiiuusgniiiudovas 61 £ 0.06, 36 £ 0.05 1A 25 + 0.03

AW nSedmsnaamsaaIeen Idsosas 39, 64 uaz 75 awdwy WenlSeuieniuganiungy

09;’ [ S ad o A ' v =
Tagszozinane 3 szezldwalunisaaszaumsuaasesnvesduiauiuesiu Nuana19eg1ail
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. o Ja A a = { ! &
M99 10. HAVBIATANAADIAIVUUIANS T8 1, 2 Uag 3 ﬁﬂ'ﬂi\lléﬁlll‘l’]}u 15 uM ADTEAUNIT

= g d & A A Y
HaAI00nNUeNYY WTI (%) (mean + SD) Glmcmammmmaamn U937 nan transfect A8 WT1 (+/+)
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sTAUMsIAAIPENYRIIANYINES TU 1BNI5IBUe (Foray)
FAMINARDY v v v

Asan 1 A3IN 2 AIn 3 Mean + SD
AANIVAY 100 100 100 1000
Wi 1 66 55 61 61% £ 0.06
Ui 2 40 31 36 36* +0.05
Ui 3 22 27 25 25% £0.03
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F3li] 29, HAUBDNAITEANAADIAINUUIEND Tzl 1, 2 uag 3 I V]ﬂ”J"IiJLEi’IliJ"i’J}u 15 uM A93eAUNT

Y Q

A ad d o as o g/‘ A 1 o .
UEANDONUDIYIUIANNIUDTIU Iﬂﬂ’J‘ﬁ real time PCR N1N15NAA0Y 3 ATINTLILIAUNNANNU (3 times

u

independent study)

WUIR:  Vehicle control = FAAIVAY IATOIHNNG * udasAIANNUANANDE NI Taddyn1eana Nnnnusely

$o8a295, p<0.05

A d v
[¥] ia a a a (Y]
WaMINAADIT 7. MIANHINAVBINTANANBIAINUVIGNBENANMANTUIZAVAI] ADMIUAAIDBN
¢ do { o ¢
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mesAIluUTgNTaeszAUMItdatvedlUsauIduywmesu Tasldanududuin lidluiydewad Ao
< [ o [ @ A ad Jo
10, 15 waz 20 uM 1Huszeznal 2 Ju udnihimsasviaszaumsudaseonves saudaunmwes iu
A A @ ad Jo 1w
Ta83% Western blot Wuniamdiudu 3 seau Iimsuaasesnves lsauddugwes i mnuiosay
o v A ad Jo
70 + 23,58 + 6.3 WAz 33 £ 4.7 MWW n3e asnaamsuaasves llsanuddugues i Tdaw
Y Y A A 421 o o o a = Y = .oA 9
ANUINTUMNLIY HdamsUSvlSmasieuaiuTilsan Bactin Avanasfosas 30, 42 uaz 67
o v A m A o o Y 9 g Yy ¥ g9 Y
auady enfFeunsunuganIugn Taedia 3 anuwdntuiluanududulinalumsaassaunms
a ad d o ~ 1 1 A v o W Aa A A o v
ueraseenved llsAudaunmes iu Muandted it Ayn1edda annugeiusesas 95, p<0.05

A a Y o A a
LﬂJ@L‘lIifJ‘]JL“V]EJ“]Jﬂ‘U"lgﬂﬂ’JUﬂiJ aataadlunsen 11 Llﬁggﬂ‘ﬂ 30

v
= A

M3197 11. wavesansananesAiuuTans Nanududui 10, 15 uaz 20 uM ApIZAUMIUAAIDON

U

A ad Iz I d I A ~ Y
"U'ENT’IJ?@IM’JEINVILZJ@TJH (%) (mean + SD) “luwaaumqmmaamn U937 nan transfect @38 WT1 (+/4)

isoform
szaumsuanseenvesllsiviauymesiu (Fewaz)
MInaaeg v v v
Asan 1 Asai 2 Asan 3 Mean + SD
FANIUAN 100 100 100 100+ 0
ANUANYY 10 pM 72 68 68 70% +2.3
ANVTUTY 15 uM 64 58 57 58% 4 6.3
ANMTUTY 20 pM 36 35 27 33% +4.7
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ad d o A, o lel { 1 o .
o TUsauIauyues iy 1ae7% Western blot MINMINAGDI 3 ATINITLELIAWMANANAY (3 times
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o o

MUOIHE:  Vehicle control = YAAILAN INTOIHLIY * HAAIAIANNUANAINOENTITBTAYNIADA NAIANUIFOIY

$ovaz95, p<0.05
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9 A = = ] @ ~ ~
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= dg a d' o w z& o = [ Ja A a
Tsaulamadng 2 vila (U7 42 waz 43 k) uaziehimsanymaveIdITanANesAINUYS
°’l = = QSJ’
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K562 cell lines
Antibody: anti PKC alpha

Membrane Cytoplasmic
fraction fracI:tion
VC Test WVC Test
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< Actin
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K562 cell lines
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K562 cell lines
Antibody: anti PKC delta

Cytoplasmic Membrane
fraction fraction
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-- - - (45 kDa)
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K562 cell lines
Antibody: anti Phospho PKB (p-Akt)

Cytoplasmic Membrane

fraction fracFion
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] o [ sa A a Q‘{l
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= A J 1
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K562 cell lines
Antibody: NP-Src (Tyr 527)

Membrane Cytoplasmic
fraction fracl:tion
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< NP-Src (Tyr 527)
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a 4 a
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K562 cell lines
Antibody: anti STAT1

Nuclear Cytoplasmic
fraction fraFtion
VC Test VC Test
STAT1
- < (91kDa)
v - SR < (384 kDa)

oo O - e
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woa115Au STAT 1 lurad K562 1083 Western blot

K562 cell lines
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- STAT3
- e . (56/D:)
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Y v Ja a a A 1<l o 1
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K562 cell lines
Antibody: anti STATS

Nuclear Cytoplasmic
fraction fraction

VC Test VC Test
STATS
e . < (90kDa)

GAPDH Actin
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Y [ Ja a a I o 1
iﬂﬁ 50 HAUDNEITANAANDIAINUUIT ‘ﬁﬂﬂ'ﬂﬂl“ﬁﬂ"flju 15 uM Wuszazal 48 "]5'3111\1 ADNITLLTANDDN
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wpa11/5a1 STATS luad K562 1a83% Western blot

K562 cell lines
Antibody: anti STATE

Nuclear Cytoplasmic
fraction fraction
VC Test VC Test
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& -l WP < (110kDa)
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Y @ Ja a a A <l o 1
F3li] 51 Wﬂﬂlﬂ\?ﬁ?iﬁﬂﬂmﬂiﬂ?ﬂuﬂiﬁﬂ‘ﬁﬂﬂﬂ?ul“fljﬂ"flju 15 uM useezan 48 1119 aemMsiaadoon
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wa11/581 STAT6 luad K562 1a83% Western blot
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S

demnsinuwavesdsatamesmiuusaninanududu 15 oM Juszezna 48 $2Tu
ADIZAUMILUAAIDONVYDY Phosphorylated protein kinases Glff!ﬂgl'ﬁc] Taes protein microarray Waf13
naaed WU TUsAY phosphorylated kinase Manswiiafiannisudatesnuasniniinsnadeudis
inesmiuuSans TaeTusauiiiySinaanasldun TusAiu CREB (S2448), HSP27 (S78/S82), INK pan

(T183/Y185, T221/Y223), P38aL (T180/Y182) t1a% c-Jun (S63) danaaalugiii 52 (0 wag v) wag 53 (n

Hag V)
Protein array, Membrane A
(n) Phospho-kinase array kit
n
Control 15 pM Curcumin, 48 hrs
G FEDCB A G FEDCBA
= : 1
_ 1 8
e . y
; 3 @ m : m :
: p : 4
HENHEHE 5
. 5 D
4 :
o 4 :
8
; p 8
. g 1 @ 9
@ 7 = 10
A1, A2 = Contral positive A3, Ad = p38a (T180/Y182)
G1, G2 = Control positive F3, F4 = Chk-2 (T68) T
G5, G6 = Control negative ES, E10 = STAT 5b (Y699) ;i

C3, C4 = CREB (52448) 1
C5, C6 = HSP 27 (S78/582) 4
A7, A8 = JNK pan (T183/Y185, T221/Y223) 4

aovthdall
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Protein array, Membrane B, 180s

(2) Phospho-kinase array kit
Control 15 pM Curcumin, 48 hrs.
FEDTC BA F E DC B A
000+ O 1; oe0+ O 1;
o0+ O o0+ O
'Y X R R B o900 00
o900 00 o000 00
... 15 . .. 15
... 16 . ® e — 16
eee o eee @
[ 18 e0oe P ¢

A17, A18 = Control positive
F17, F18 = Control negative
E15, E16 = ¢-Jun (863) 4

Y v Ja a A o 1
i‘lj‘ﬁ 52 Profile LAAINAVDITTANAADI AINULT NG ﬁmmvffwffu 15 uM Lﬂuigﬂglﬁﬂ1 48 ¥ 119 A0

U Qq

NITLLAAIDBNUDY phosphorylated protein kinases ¥UA GING] Tae75 protein microarray

B Yikhedle contred
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B 15wl gurcusmin
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Phosphe-kinase ‘

(monhaa’ll)
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Phesphe-kinase
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i‘]J‘ﬁ 53 HAYDITTANAADIAIUUDIGND ﬂ”J"I‘JJLGfl}‘JJ"{l}u 15 uM wWuszazal 48 ¥ TU9 AONITHEAIDON

Y

U84 phosphorylated protein kinases “lﬂjﬂGI'NG] Tae75 protein microarray

== 9 as . . 3 1A A A 1 v 9 @ A
MINMIANBIAIYIT protein microarray HunuNd lsaumhauleegnatedidiony Nanaa
d' Y [ Ia A a a‘{ d‘ 9 d' Y o = [ 4
ilosnnmsnadeudlsasanamesniuuigns  Iaeludesdudn lasimsAnynavesasananes
a a a = 2 ~ . . 1 A J 3 3 A a
Aiuusgniae lUsAulamal (protein kinase B; PKB) wudluliwalumadugis udanenunviia
Y o’:/l 2 A a A 09;’ = [ A F) A <3| .. o
K562 #4191 CREB Falit/Suaianas 1iuds luuneneideaiinsnin CREB 1Ju transcription factor A7

4! d' ] (%2 Y Y = =\ d' < (] d‘ 9J 1Y [ ugz'
wiladmInginazgnnszquaie Tusau lawad nag CREB Nanaan litezinerdostumsdudanms
o =1 [ [ 4! d‘ 9 [ d’ d' ] 1
Brauveeldsau WT1 udegela Famsanadves CREB 01992 lUiNeddeeny pathway oui lailes
< & Yo & A Vo
Tds@ulamatnduld wennidutuiiraulelumsAneida pathway v04 p38 MAPK 31119
A 9 o = A k4 Ja A A Yy 9 <3

Mevosnumsanasvedlisau WT1 ignnaaeudlamosaiu Annududu 15 uM iiluszezina 48

[ k4
1 1uedaen5e i 91nwan1snAaedlag Western blot WUIIMTUEALONVBY p38 MAPK 1uiims
A Y = A A o o o a 9 . =) Y Y
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A @ 3 qﬂ/‘ T g o A A Y o = £
(310 54) aaiu p38 MAPK wu'liiviuilu pathway naniineadosnumsanasvesliUsau WT1 ain



82

Y
a < J = o
NITNAITUIVINNANITNADNDIVDY protein microarray ANuUNMsLEatoonvedlUsau p38 MAPK UU

~ I Y A o = 9 an
AAAUNIUNUDY LHUDUNVNITANYINIYIT Western blot
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-— [ gr— « P38 MAPK
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<A

M5190 21. avesmsanames AT aninauduAY 15 WM uag GF 109203x (PKC inhibitor) i

) ' o A ad Y s
ANULUNUU 0.0084 uM ﬁ’e‘)imummﬁmaaﬂmaﬂﬂmmaunmaimiumaa K562

N1INAADY ﬂ%ﬁﬁl ﬂ%ﬂ‘ﬁ 2 ﬂ%”\‘]"?; 3 Mean + SD
YANIVAY 100 100 100 100+0
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YANIVAN 100 100 100 100 =0
0.0084 uM GF 109203x 70 88 77 84+94
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A ad o J [ 1% = a 9
uﬁmmaﬂﬂmmauumamuiuwaa K562 nasdsumeudsunasaie GAPDH



85
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Myr.PKCalpha Myr. PKCalpha
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M13199 23 Wave9 GF109203x NANUdNAU 0.0084 M (IC,, Y09 PKC,) ADIZAUNTUAAIDDNVDITU
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This study examined the antileukemic activity of non edible parts of 13 common Thai tropical fruits.
Their ethanolic extracts were tested for cytotoxic effects on U937, K562, HL60, Molt 4 and normal
human peripheral blood mononuclear cells (PBMCs). Three of 20 crude plant extracts (kaffir lime
leaves, mangosteen peels, and wampee leaves) had strong cytotoxic effects on K562, U937, and Molt4
cells. The IC5, values of kaffir lime leaves on those cells were 26.1, 9.0 and 11.9 pg/ml respectively,
whereas those of mangosteen peel were 23.6, 4.5 and 10.1 pg/ml, and those of wampee leaves were
71.9, 13 and 70.4 ug/ml. Furthermore, pomegranate peel extract had a potent cytotoxic effect on HL60
cells (ICs, of 8.0 ug/ml), but was non-toxic to normal PBMCs, indicating that as a potential source of

antileukemic agents.

Key words: Fruit plants, cytotoxicity, leukemic cell line.

INTRODUCTION

Leukemia was first recognized by the German pathologist
Rudolf Virchow and John Bennett in 1845 (Virchow,
1845; Craigie, 1845). Leukemia refers to a group of acute
or chronic malignant diseases that involve the blood-
forming organs, characterized by an abnormal prolifera-
tion, differentiation, and excessive production of white
blood cells and their precursors in the bone marrow, with
or without a corresponding increase of those in the
circulating blood. This results in decreased production
and function of normal blood cells. Leukemia can spread
to the lymph nodes, spleen, liver, central nervous system,
and other organs. To date, the rapid growth of advanced
technologies and new discoveries in the diagnosis and
treatment of leukemia have made surviving from leuke-
mia more likely than in the past. Chemotherapy is one of
the methods used most frequently in the treatment of
leukemia. It works by restraining leukemic cells from
growing or multiplying and then causing their disruption.
Many varieties of fruits and vegetables have been
evaluated for their protective activity against cancer.
Significant alteration of the incidence of collrectal cancer

*Corresponding author. E-mail: songyot@chiangmai.ac.th.

has been reported as resulting from the comsumption of
a diet high in fruits and vegetables. The antioxidative
activity of major substances in this diet group has genera-
ted interest in fruit and vegetable species as potential
sources of chemotherapeutic compounds (McCann et al.,
2007). Recently, we investigated antioxidative and cytoto-
xic activities against Caco-2 and PBMCs cells of several
fruit peel extracts. Pomegranate peel had the highest
antioxidative activity, followed by the extracts of
rambutan, mangosteen, and banana peels. Interestingly,
mangosteen peel extract exhibited cytotoxicities against
Caco-2 and PBMCs cells. These results were of interest
for investigaing the cytotoxicity of these plants against
other cancer cells (Okonogi et al., 2007).

Natural antioxidant compounds such as curcumin pos-
sess the ability to induce cell death in two leukemic cell
lines: K562 and Jurkat cells (Duvoix et al., 2003).
Curcumin | and 1l exhibited in vitro cytotoxicity against
human chronic myeloid leukemia (Nagabhushan and
Bhide, 1992). Kuo et al. (1996) have shown that the
dietary component pure curcumin induced apoptosis in
human leukemia HL60 cells at a concentration of 3.5
pug/ml. In the course of searching for new chemical
entities or remedies from ethnomedicine, the extracts de-
rived from plants, especially fruits or related waste parts
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are of interest as sources of chemotherapeutic agents.
Approximately 25% of the drugs prescribed worldwide
come from plants, 121 such active compounds being in
current use. About 60% of anti-tumor and anti-infectious
drugs launched on the market or under clinical trial are of
natural origin (Shup, 1998).

In Thailand, tropical fruits are widely grown for domes-
tic consumption and for export. However, their waste
products, such as leaves, peels or seeds, are often
discarded as garbage. Several types of fruit were selec-
ted for this study, based on high levels of consumption in
Thailand, ethnomedical use, and their various pharmaco-
logical properties. Screening for antileukemic agents from
the edible and non edible portions of several fruit plants
was conducted on four representative leukemic cell lines
(K562, U937, Molt4, and HL60 as well as the normal
peripheral blood mononuclear cells (PBMCs)).

MATERIALS AND METHODS
Fruit plants

Thirteen species of fruits, grown in Thailand and either are com-
monly consumed or possess phytopharmaceutical properties were
purchased from local grocery stores in Chiang Mai, Thailand. The
species examined were: star fruit (Averrhoa carambola L.), wampee
leaves (Clausena lansium (Lour.) Skeels), kaffir lime (Citrus hystrix
DC.), coconut (Cocos nucifera L.), longan (Euphoria longan Lam. or
Dimocarpus longan Lour.), banana (Musa sapientum L.),
mangosteen (Garcinia mangostana L.), dragon fruit (Hylocereus
undatus), long-gong (Lansium domesticum Correa), rambutan
(Nephelium lappaceum L.), passion fruit (Passiflora foetida L.),
Guava (Psidium guajava L.) and pomegranate (Punica granatum
L.).

Chemicals

Dimethyl sulfoxide (DMSO), 3-(4, 5-dimethylthiazolyl-2)-2, 5-
diphenyl tetrazolium bromide (MTT), and Histopaque®-1077 were
purchased from Sigma-Aldrich (St Louis, MO, USA). RPMI 1640
and penicillin-streptomycin from GIBCO™ Invitrogen (Grand Island,
NY, USA). Fetal bovine serum (FBS) was obtained from Biochrom
AG (Berlin, Germany). Ethanol was purchased from Fluka Che-
micals (Buchs, Switzerland). All other chemicals were of the highest
grade available.

Ethanolic extracts

The dried and ground parts of each fruit were extracted with 95%
ethanol for three days at room temperature, filtered and concen-
trated using a rotary evaporator (Eyela N-100, Tokyo, Japan) at
45°C.

The extract was dissolved in dimethyl sulfoxide (DMSQO) and dilu-
ted with complete RPMI 1640 medium to give final concentrations
of total extract ranging from 3.13 - 100 pg/ml.

Cell culture and cytotoxicity

The erythroid leukemic cell line (K562), human promyeloid leukemia

(HL60), human monocytic leukemia (U937), and human lympho-
blastic cell line (Molt4) were cultured in RPMI 1640 medium supple-
mented with 1 mM L-glutamine, 100 Units/ml penicillin and 0.1
mg/ml streptomycin, 10% inactivated FCS, and adjusted to pH 7.2
by the addition of 15 mM HEPES. All cell lines were maintained in a
humidified incubator with an atmosphere of 95% air and 5% CO- at
37°C.

Cell viability was determined by the MTT (3-(4,5 dimethylthiazol-
2-yl)-2,5 diphenyltetrazolium bromide) test method. MTT (5 mg/ml)
was dissolved in PBS. The solution was filtered through a 0.2 pym
filter and stored at 2 - 8°C. Cells were cultured in 96-well plates (3.0
x 10* cells/ well) containing 100 pl medium, prior to the treatment
with plant extract or vincristine (a chemotherapy drug used for some
types of cancer) at 37°C for 24 hrs. After that, 100 ul fresh medium
containing various concentrations of plant extracts or vincristine
were added to each well, and incubated for another 48 hrs. Diluted
plant extract or vincristine solutions were freshly prepared in DMSO
prior to each experiment. The metabolic activity of each well was
determined by the (MTT) assay and compared to those of untreated
cells. After removal of 100 pl medium, MTT dye solution was added
(15 wl / 100 pl medium) and the plates were incubated at 37°C for 4
hrs in a humidified 5% CO. atmosphere. After that, 100 ul of DMSO
were added to each well, and mixed thoroughly to dissolve the dye
crystals. The absorbance was measured using an ELISA plate
reader (Biotek EL 311) at 570 nm with a reference wavelength of
630 nm. High optical density readings corresponded to a high
intensity of dye color, that is, to a high number of viable cells able to
metabolize MTT salts. The fractional absorbance was calculated by
the following formula:

% Cell survival = Mean absorbance in test wells

Mean absorbance in control wells

The average cell survival obtained from triplicate determinations at
each concentration was plotted as a dose response curve. The
50% inhibition concentration (ICsp) of the active substances was
determined as the lowest concentration which reduced cell growth
by 50% in treated compared to untreated culture. The ICsos were
compared for their activities. An ICso less than 20 pg/ml of crude
extract was considered as an active compound against cancer
cells, following the standard National Cancer Institute (NCI) criteria
(Chen et al., 1988; Geran et al., 1972).

Preparation of Peripheral Blood Mononuclear Cells (PBMCs)

Blood samples from healthy volunteers were collected by vene-
puncture and transferred into 15 ml heparin coated test tubes. It
was diluted at 1:1 ratio with PBS, layered onto Histopaque®-1077 at
a volume ratio of 3:1 and centrifuged at 1,000 xg for 30 min. During
the centrifugation the PBMCs moved from the plasma and were
suspended in the density gradient, isolating them from erythrocytes
and granulocytes. The PBMCs layer was removed and then
washed twice with PBS. The supernatant was then removed and
the cells were resuspended in RPMI 1640 medium supplemented
with 1 mM L-glutamine, 100 Units/ml penicillin and 0.1 mg/ml
streptomycin, 10% inactivated FCS, and adjusted to pH 7.2 by the
addition of 15 mM HEPES. Cell viability was determined by the
trypan-blue dye exclusion method. The PBMC cell density used in
the cytotoxicity study was 1 x 10° cells/ well of the 96-well tissue
culture plate. Dose-response curves between percentage of cell
viability and concentrations of the extracts were constructed. The
ICso was determined from the plotted curve.

x 100



Table 1. Percent yield of extracts from different parts of non edible fruit products.
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No. Common name Scientific name Family Parts % yield
1 Raw banana Musa sapientum L. Musaceae Peels 7.66
2 Ripe banana Musa sapientum L. Musaceae Peels 14.44
3 Coconut Cocos nucifera L. Palmae Peels (inside) 5.80
4 Dragon fruit Hylocereus undatus (Haw) Britt. & Rose Cactaceae Peels 1.40
5 Guava Psidium guajava L. Myrtaceae Leaves 8.70
6 Guava Psidium guajava L. Myrtaceae Stems 1.12
7 Raw guava Psidium guajava L. Myrtaceae Raw Fruit 4.65
8 Kaffir lime Citrus hystrix DC. Rutaceae Peels 17.52
9 Kaffir lime Citrus hystrix DC. Rutaceae Leaves 7.42
10  Kaffir lime Citrus hystrix DC. Rutaceae Stems 1.97
11 Longan Euphoria longan Lam. Sapindaceae Seeds 9.59

Dimocarpus longan Lour.
12 Long-gong Lansium domesticum Correa Meliaceae Peels 5.71
13  Mangosteen Garcinia mangostana L. Guttiferae Peels 7.21
14 Passion fruit Passiflora foetida L. Plasifloraceae Peels 2.60
15 Raw Pomegranate Punica granatum L. Punicaceae Peels 6.21
16 Pomegranate Punica granatum L. Punicaceae Leaves 11.27
17  Pomegranate Punica granatum L. Punicaceae Seeds 4.46
18  Rambutan Nephelium lappaceum L. Sapindaceae Peels 10.68
19  Raw star fruit Averrhoa carambola L. Oxalidaceae Raw Fruit 11.66
20  Wampee Clausena lansium (Lour.) Skeels Rutaceae Leaves 8.66

Microscopic Analysis

Cell morphology of HL60 was examined after being treated with 8
and 50 pg/ml pomegranate extract at 37°C for 48 hrs under the
inverted microscope (Olympus, IX71, Japan).

RESULTS AND DISCUSSION
Yield of extracts

Table 1 shows the percent yield of extracts obtained from
different parts of fruit waste products. The yields
expressed are based on the dried weight of sample raw
materials. Among these extracts, the highest (17.52%)
and the lowest (1.12%) vyields of extraction were
observed from the kaffir lime peels and guava stems,
respectively. Sultana et al. (2008) reported that the
percent yield of dry matter banana and pomegranate
peels after extracting with 80% methanol was 16.4 and
29.9%, respectively. Our result showed that the percent
yield of banana peel extract is similar to the ripe banana
peel extract (14.4%), whereas the pomegranate peel
extract was different in percent yield (6.21%). In contrast,
Akamine et al., 2009 found that the percent yield of fresh
banana peel extract was 2.3%. In addition, the percent
yield of extractable components using ethanol from Kaffir
lime leaves as 2.56% (Hiran et al., 2009) and mango-
steen peel 29.46% (Bullangpoti et al., 2004). Variation in
the percent yield of extracts might be because of different

plant materials themselves for example the chemical
composition of plant, nature of the soil and agro-climatic
condition. The other factors could be the effectiveness of
the extracting solvent to dissolve endogenous
compounds.

Cytotoxicity test

Four human-origin cancerous cell lines (K562, U937,
Molt4, and HL60) and a normal human cell type (PBMC)
were used for the cytotoxicity test. The cancerous cell
lines possess differences in their origin, morphology and
genomes, resulting in susceptibility differences to the
chemotherapeutic agents. In 1971, the hematopoietic cell
line Molt4 was established from the peripheral blood of a
patient in relapse from ALL by Minowada et al. (1972).
These cells lacked surface and cytoplasmic immunoglo-
bulins. This cell line contains several copies of the
Epstein Bar virus (EBV) genome. The most distinctive
characteristic of the Molt4 cells was their rosette-forming
ability with sheep, goat, horse, and pig erythrocytes.
Furthermore, K562, the first myeloid-erythroid cell line,
was established from a Ph’ chromosome positive CML
blast crisis patient (Lozzio and Lozzio, 1975; Lozzio and
Lozzio, 1979; Andersson et al., 1979). More than fifty
leukemic cell lines have been generated in order to make
cell available for leukemia studies, including U937 and
HL60 cells. U937, a monocytic cell line, was established
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Table 2. ICs values (ug/ml) of fruit extracts on four leukemic cell lines and PBMCs.

=z
°

Common name

Parts

ICso (ug/ml)* (Mean + SD)

PBMC K562 U937 Molt4 HL60
1 Raw banana Peels >100 >100 >100 >100 >100
2 Ripe banana Peels >100 >100 >100 >100 >100
3 Coconut Peels (inside) >100 >100 >100 >100 77.3+0.2
4 Dragon fruit Peels >100 >100 >100 >100 >100
5 Guava Leaves >100 >100 >100 >100 >100
6 Guava Stems >100 >100 >100 >100 >100
7 Raw guava Fruit >100 >100 >100 >100 31.8+25
8 Kaffir lime Peels 475+0.9 >100 70 38.6+0.9 >100
9 Kaffir lime Leaves 12.5+0.6** 26.1+1.2 9+0.5* 11.9 £0.6** 17.1 £0.4*
10 Kaffir lime Stems >50 >100 >100 704 +2.2 36.4+0.8
11 Longan Seeds >100* 84 +0.7 >100 >100 443 1.1
12 Long-gong Peels >100 >100 97 +0.2 >100 >100
13 Mangosteen Peels 49+0.2* 23.6 £0.7 45+1.6" 10.1 £ 1.4* 77.3%£0.8
14 Passion fruit Peels >100 >100 >100 >100 >100
15 Raw pomegranate Peels >100" >100 >100 >100 79+1.9*
16 Pomegranate Leaves >100 >100 >100 >100 86.4+1.7
17 Pomegranate Seeds >100 >100 >100 >100 432+1.6
18 Rambutan Peels >100 >100 >100 >100 >100
19 Raw star fruit Fruit >100 >100 >100 >100 >100
20 Wampee Leaves 25+1.8 71.9+1.6 13+2.1* 70.5+1.9 59.1 £1.5

4 Asterisks denote mean of three independent experiment (n = 3).

** Asterisks denote ICs less than 20 pg/ml which are considered as an active compound against cancer cells.
* Asterisks denote effective dose for cell stimulation (EDso): EDso of longan seed extract = 50 + 1.2 pg/ml, EDs, of raw pomegranate peel extract = 44.4

+ 0.4 pg/ml.

from histiocytic lymphoma. HL60, a promyelocytic cell
line, was established from AML-M3, M2 (Epatein et al.,
1976; Schneider et al., 1977; Gillis and Watson, 1980;
Collins et al., 1977). These selected cell lines are repre-
sentative of four human leukemias, M3 (promyelocytic
leukemia; HL60), M4 (monocytic leukemia; U937),
erythrocytic leukemic cells derived from chronic myelo-
genous leukemia (CML; K562), and acute lymphoblasttic
leukemia (ALL; Molt4).

The cytotoxicity and selectivity of the fruit extracts
against the selected cancerous cell lines are summarized
in Table 2. According to the standard National Cancer
Institute criteria (Chen et al., 1988; Geran et al., 1972),
crude extracts possessing an ICs, less than 20 ug/ml are
considered active against the tested cancer cells. The
extracts with the 1Csy less than 20 pg/ml against the
cancer cell lines were kaffir lime leaves (9 pg/ml for
uo937; 11.9 pg/ml for Molt4; 17.1 pg/ml for HL60),
mangosteen peels (4.5 pg/ml for U937; 10.1 ug/ml for
Molt4), wampee leaves (13 pg/ml for U937) and raw
pomegranate peels (8 pg/ml for HL60) (Table 2 and
Figure 1). PBMC cells are frequently used as the model
for the cytotoxicity test in normal cells. Many studies have
utilized PBMCs to assess the effects of chemicals or
extracts on the proliferation of normal cells (Anazetti et

al., 2003; Liu et al.,, 2004). In this study, the highly
cytotoxic activity of the extracts against PBMCs was a
generally observed range (4.9 - 25 g/ml), except the
extract from raw pomegranate peels, which exhibited cell
stimulatory activity (Table 2 and Figure 2). In addition,
pomegranate peel extract had no inhibitory effect on cell
proliferation in K562, U937, and Molt4 cell lines. In this
regard, the cytotoxicity of the active extracts was highly
selective against the HL60 leukemic cell type (Table 2
and Figure 1). Various parts of Punica granatum
(pomegranate), especially the fruits, have been reported
for their pharmacological activities. There have been a
long ethnomedical history for the pomegranate fruits, and
thus have been of interest to the pharmacological resear-
chers. Juice and peels of pomegranate fruits possess
potent antioxidant, anticancer, and antiinflammatory
activities (Okonogi et al., 2007; Lansky and Newman,
2007). The stimulatory activity of pomegranate extract on
PBMC proliferation indicates selectivity of the extract
against specific leukemic cells (HL60) and nontoxicity to
normal cells. In order to improve the immune response,
such stimulation of PBMC proliferation might be bene-
ficial for patients with immunodeficiency. Longan seeds
and pomegranate peels appear to be the best candidates
for stimulating PBMCs (Figure 2). Most of the extracts
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Figure 1. Effect of the active extracts on leukemic cells; (a) K562, (b) U937, (c) Molt4, and (d) HL60.
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Figure 2. Effect of the active extracts on normal PBMC cells.

had no cytotoxic activity (ICsq values higher than 100
ug/ml) against the studied cell types. The extract from
kaffir lime leaves, mangosteen peels, and wampee
leaves contained potential cytotoxic agent (s), as
observed from both cancerous and normal cells.
Matsumoto et al. (2004) had reported antiproliferative
activity of a-mangostin, an active compound from mango-
steen pericarp, on several human leukemic cell lines. The
compound demonstrated induction of apoptosis through
mitochondria as the target site. However, the cytotoxicity
on normal cells was not measured in that study. Essential
oil from kaffir lime leaves, an essential spice in Thai food,
displayed cytotoxic activity against KB and P388 cell lines
(Manosroi et al., 2006). The ICsy values for KB and P388
were 99.7 ug/ml and 74.6 pg/ml respectively, whereas
lower ICsq values were observed for the extracts in our
study (9 pug/ml for U937 and 11.93 pug/ml for Molt4). Lime
oil possessed components those can induce apoptosis-
mediated cells death in human colon adenocarcinoma
cells (Patil et al., 2009). Moreover, kaffir lime leave extract

was known to exert strong anti-promoting activity in a test
of promoter-induced Epstein - Barr virus (EBV) activation
(Tiwawech et al., 2000). No antiproliferative activity on
cancer cells has been reported for wampee leaves.
However, the anticancer activity of wampee peel extract
had been reported that 50 pg/ml of ethyl acetate fraction
exhibited strong anticancer activities against SGC-7901,
HepG-2 and A-549 cell lines with the corresponding
inhibitory activities of 78.5, 72.4 and 69.2%, respectively
(Prasad et al., 2009).

Vincristine, a chemotherapy drug used as a treatment
for some cancer types, had cytotoxic effects on K562,
U937, Molt4, and HL60 cell lines with the 1Cs, values 8,
0.09, 0.63, and 0.39 ng/ml, respectively. However,
PBMCs were not affected by vincristine (ICs, value higher
than 100 pg/ml) (Table 3 and Figure 3). Most of the fruit
extracts which exhibited cell inhibition to leukemic cell
lines, also expressed cytotoxicity to the PBMCs. Interes-
tingly, the extracts from pomegranate, raw guava and
coconut peels inhibited the proliferation of HL60, but no
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Table 3. ICs values (ng/ml) of Vincristine on PBMC, K562, U937, Molt4, and HL60.

ICs0 (ng/ml)*

Chemotherapeutic agent

PBMC K562 U937 Molt4 HL60
Vincristine >100 8 0.09 0.63 0.39
* Asterisks denote mean of three independent experiment (n = 3).
PBMC 120 K562
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Figure 3. Effect of vincristine on normal PBMC, K562, U937, Molt4, and HL60.

toxicity to the PBMCs.

Regarding the mechanism of cytotoxicity of pomegra-
nate extract in HL60 cells, microscopic analysis showed
the blebbing pattern of cell apoptosis at concentrations of
8.0 pug/ml (ICsp) and 50 pg/ml as compared to the vehicle
control (Figure 4). This suggested that cytotoxicity of
pomegranate might involve the apoptosis pathway.
Future work will be designed to identify the possible
signalling cascade.

The cytotoxicity test is required for future work regar-
ding the target inhibitory protein in order to gain insight
into the mechanism of inhibitory effect on the proliferation
of the leukemia cells. The noncytotoxic doses in terms of
ICo can be used for gene expression determination,

especially Wilms’ tumor 1 (WT1) mRNA and protein level.
The WT1 gene is one promising biological marker for
measuring cell proliferation (Anuchapreeda et al., 2006).
In addition, further purification to eliminate toxic agent (s)
against normal cells is necessary. Testing purified com-
pounds will help to determine the specific cytotoxic
chemicals responsible for the observed inhibitory effects
on leukemia cell lines.

Conclusion

We tested the cytotoxicity to leukemic cells for various
fruit extracts. Pomegranate peel extract strongly inhibited
HL60 cells, and was non-toxic to normal cells. Interes-
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Figure 4. HL60 cell morphology after pomegranate extracts treatment for 2 days. Cell morphology of
HL60 was examined after treatment with (a) vehicle control, (b) 8 pg/ml, and (c) 50 pg/ml pomegranate

extract.

tingly, we observed a stimulating activity of this extract on
PBMC proliferation, indicating the selectivity of the extract
against only specific leukemic cells (HL60). The peel of
this plant is a promising source of antioxidant or antican-
cer agents, since the fruits are widely cultivated in
different parts of the world. Mangosteen peels, kaffir lime
leaves, and wampee leaves also inhibited of K562, U937,
and Molt4 cell lines. Even though they were toxic to
PBMCs, noncytotoxic doses can be analyzed for their
effects on leukemia biological markers, such as the WT1
gene. However, further study of the activity associated
with the different species, cultivation conditions, and
investigation the active constituents of these plants may
provide useful comparative information in the future.
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1. Introduction

Cancer is a major cause of mortality worldwide and cancer incidents rapidly increase

from year to year. In 2000, there were 10.4 million new cancer cases and it is expected that

this number will be doubled in 2030 (Global cancer control, 2008). Recent studies have



shown strong evidence that biological reactive oxygen species (ROS) such as hydroxyl
radicals (OH) and the superoxide anion (0,7) are involved in the development of cancer.
Aerobic organisms possess mechanisms of ROS scavenging exploiting antioxidant systems
including enzyme-based antioxidants such as superoxide dismutase, glutathione peroxidase,
catalase, and glutathione reductase. However, tissue damage can be developed from' an
imbalance between ROS-generating and these in vivo defense systems, resulting in
pathogenesis of a variety of degenerative disorders. The role of ROS in the pathogenesis of
cancer is that these species react with DNA resulting in cell malfunction. Ultimately it can
lead to malignancies by accumulation of somatic mutations (Hursting et al., 1999).

As ROS are involved in cancer development, compounds with high ROS reduction
activity are likely able to prevent cancer incidence. It has been shown that both synthetic and
natural antioxidants play an important role in ROS reduction, resulting in prevention and
treatment of ROS-induced tissue degenerations (Shukla and Pal, 2004). Natural antioxidants
have received much attention in recent years because they are relative safe as compared to
their synthetic counterparts. Fruits and vegetables are the major source of natural antioxidants
and contain various kinds of antioxidant compounds such as vitamin C, vitamin E,
carotenoids, lutein, lycopene, etc. (Cai et al., 2004). Among these compounds, polyphenolic
compounds-display antioxidant activity through different mechanisms, in particular by free
radical scavenging and by chelating of metal ions (Du et al., 2009; Jacob et al., 2008).
Recently, many studies reported that plant extracts with high levels of polyphenolic
compounds have anticancer activity due to neutralization of ROS (Moongkarndi et al., 2004;
Russo et al., 2005).

The extracts of rambutan, mangosteen, and coconut peels were reported to possess
high antioxidant potential (Esquenazi et al., 2002; Pallanisamy et al., 2008; Yu et al., 2007).

The aim of the present study was to evaluate the antioxidant activity and cytotoxicity of



these plant extracts toward both cancer and normal cells. The total phenolic content of the
extracts was determined in order to investigate the relationship between the observed
activities and the phenolic content of the extracts. For cytotoxicity tests, KB (human oral
squamous carcinoma cell), and Caco-2 (human colon adenocarcinoma cell) cancer cell lines
were used as cancer cell models. Moreover, peripheral blood mononuclear cells (PBMC)

were also used as human normal cells for cytotoxic evaluation of the plant extracts.

2. Materials and Methods

2.1. Chemicals

Ethanol, hexane, ethyl acetate, acetone, methanol, and hydrochloric acid were
purchased from Merck (Darmstadt, Germany). Folin—Ciocalteu reagent, 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2.4,6-tri(2-pyridyl)-S-
triazine (TPTZ), sodium carbonate, potassium persulfate, ferrous sulfate (FeSO4-7H,0), ferric
chloride (FeCls-6H,0), gallic acid, butylated hydroxytoluene (BHT), vitamin E, dimethyl
sulfoxide (DMSO), Histopaque®-1077, and 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl
tetrazolium<bromide (MTT) were purchased from Sigma—Aldrich (St. Louis, MO, USA).
Trolox was obtained from Aldrich Chemical Company (Steinheim, Germany). Fetal bovine
serum (FBS) was obtained from Biochrom AG (Berlin, Germany). Eagle's minimal essential
medium (EMEM), RPMI 1640, trypsin~EDTA, and penicillin—streptomycin were purchased
from GIBCO™ Invitrogen (Grand Island, NY, USA). All other chemicals were of the highest

purity available.

2.2. Plant materials



Ripe fruits of rambutan (Nephelium lappaceum), mangosteen (Garcinia mangostana),

and coconut (Cocos nucifera) were purchased fresh from markets in Chiang Mai, Thailand.

2.3. Preparation of plant extracts

Fruit peels of rambutan, mangosteen, and coconut were washed with clean water and
subsequently cut into small pieces and placed in a circulating oven-at 45 °C until complete
dryness. The stalk of mangosteen peels was removed and only the mesocarp part of the

coconut peel were used in the study. The dried plant materials were ground into fine powders.

2.3.1. Crude extracts

The dried powders of each plant material (~100 grams) were macerated with 95%
ethanol (~500 mL, 48 h x 3) at room temperature. The extracts were combined, filtered and
the solvent was removed under vacuum using a rotary evaporator at 45 °C. The obtained

crude extracts were kept in a vacuum desiccator at 4 °C until further use.

2.3.2. Fractionated extracts

Four solvents of different polarity (hexane, ethyl acetate, butanol, and methanol) were
used to consecutively extract the powders of the selected plants. Firstly, the dried powder
(~100 grams) was extracted with hexane through maceration (~500 mL, 48 h X 3) at room
temperature. The residue after the third extraction was dried for 24 h at room temperature in
order to remove hexane. Next, the dried residue was further extracted by maceration in ethyl
acetate, butanol, and methanol, respectively, in the same way as described for hexane.

Extracts of the same solvent were pooled and filtered. The solvent was removed under



reduced pressure using a rotary evaporator at 45 °C. The extracts obtained were stored in a

desiccator at 4 °C for further studies.

2.4. Determination of total phenolic content

The total content of phenolic compounds of the different extracts was determined by
the colorimetric Folin—Ciocalteu method with slight adaptation as described by Sato et al.
(1996). Briefly, samples of the obtained extracts were diluted in ethanol and pipetted into 96-
well plates. Next, Folin—Ciocalteu reagent and sodium carbonate were added to each well.
The mixture was incubated for 2 h at room temperature in the dark. The blue color that
developed was measured using a microtitre plate reader. Gallic acid was used for calibration.
The phenolic content of the extracts is cexpressed in gallic acid equivalent (GAE)

concentration (mg/mL).

2.5. Antioxidant activity assays

2.5.1. ABTS assay

This assay measures the free radical scavenging activity of agents based on the
decolorization of ABTS free radicals. The assay was done in the same manner as described
previously (Tachakittirungrod et al., 2007). Briefly, ABTS radical cations were generated by
reaction of ABTS and potassium persulfate (K,S,Og) in water. The ABTS free radical
solution was diluted to an absorbance of 0.7+0.2 at 750 nm and stored in the dark for 12 h.
Next, extracts in ethanol were added to the ABTS free radical solution. The absorbance of the

mixture was measured for 5 min using a microtitre plate reader. Vitamin E and BHT were



used as positive controls and trolox was used for calibration. The antioxidant potential is

expressed as trolox equivalent antioxidant capacity (TEAC) value.

2.5.2. FRAP assay

This assay measures the reducing properties of antioxidants based on the reduction of
the ferric ion. The measurements were done in the same manner as described previously
(Okonogi et al., 2007). In short, FRAP reagent was prepared by mixing TPTZ and FeCls
solution in acetate buffer. The extracts dissolved in ethanol were -mixed with the FRAP
reagent in 96-well plates and allowed to react for 5 min at room temperature. Vitamin E and
BHT were used as positive controls and ferrous sulfate was used for calibration. A microtitre
plate reader was used to measure the absorbance of the resulting mixture. The antioxidant
activity of the extracts is expressed as equivalent capacity (EC) using ferrous sulfate for

calibration. A higher value of EC implies a higher reducing activity of the extracts.

2.6. Cytotoxicity assays

KB (human epidermal carcinoma of the mouth with HeLa contaminant) and Caco-2
(human colorectal -adenocarcinoma) cells were purchased from the American Type Culture
Collection (ATCC) and cultured in Eagle's minimal essential medium (EMEM)
supplemented with 10% fetal bovine serum (FBS), 100 U/mL of penicillin and 0.1 mg/mL of
streptomycin. Cells were cultured in a humidified atmosphere at 37 °C in 5% CO,. The
culture medium was renewed on alternate days. When the cells had reached confluency, they
were subcultured at a split ratio of one to four by trypsinizing with 0.25% trypsin-EDTA in

phosphate-buffered saline (PBS). The cytotoxicity study was performed when the cells



reached 80-90% confluence. Caco-2 and KB cells were seeded into the 96-well plates at a
density of 8x 10° cells/well and 3x10° cells/well, respectively.

Blood samples from healthy volunteers were collected by venipuncture and
transferred into heparin-coated, 15 mL test tubes . Blood was diluted at 1:1 ratio with PBS,
layered onto Histopaque®—1077 at a volume ratio of 3:1 and centrifuged at 1000 xg for 30
min. With this procedure, the PBMCs were separated from the erythrocytes, granulocytes,
and platelets. The PBMC layer was removed and then washed twice with PBS. Subsequently,
the cells were resuspended in RPMI 1640 culture medium supplemented with 10% FBS, 100
U/mL of penicillin, 0.1 mg/mL of streptomycin. Cell viability was determined by using the
trypan-blue dye exclusion method (Tennant, 1964). The cell density of PBMCs used in the
cytotoxicity study was 1x10° cells/well of the 96-well tissue culture plates.

The cytotoxicity of the different extracts was tested by using a standard MTT assay
described by Alley et al., (1988) with a minor modification. Briefly, KB cells suspended in
100 pl of medium were plated into 96 well tissue culture plates. After 24 h incubation, 100
pL fresh medium containing various concentrations of plant extracts (5-100 pg/mL) were
added to each well, and incubated for another 48 h. Next, 100 uL of the medium was
removed and 15°pl of 5 mg/mL MTT dye in PBS was added to the wells. Plates were
incubated at 37 °C for 4 h in humidified 5% CO, atmosphere. Subsequently, the MTT
solution was removed, 200 pL. of DMSO was added and mixed thoroughly to dissolve the
dye crystals. The absorbance at 570 nm was measured using a microtitre plate reader at 570
nm with a reference wavelength of 630 nm. The cell viability was determined by the

following formula:

% Cell viability = Mean absorbance in test wells x 100




Mean absorbance in control wells

Dose-response curves of percentages of cell viability plotted against concentrations of
the extracts were constructed. The 50% inhibitory concentration (ICsp) in case of cell
inhibition, or effective dose (EDsy) in case of cell stimulation was determined from the

obtained plots.

2.7. Statistical analysis

The experiments were done in the triplicate and the results are expressed as mean +
S.D. Statistical analysis was done using one-way ANOVA and P value at a level of 95%

confidence limit.

3. Results and discussion

3.1. Extraction yields and total phenolic contents

Table 1 shows the results of the extraction of the three plants (Cocos nucifer,
Garcinia-mangostana, and Nephelium lappaceum) with ethanol. The highest yield (10.7 %)
was obtained from rambutan fruit peels while the lowest yield (5.8 %) was from coconut fruit
peels. The total phenolic contents as measured using Folin-Ciocalteu assay ranged from 0.63-
0.72 mg/mL. It is noted that the fruit peels of rambutan and mangosteen demonstrated
significantly higher total phenolic content than that of coconut peels. <Insert Table 1 here>

The plant powders were consecutively fractionated with organic solvents with

increasing polarity. The yields of these extractions and the total phenolic contents are



reported in Table 2. <Insert Table 2 here> It was found that extraction of the different plants
with methanol gave the highest yields (16-26 %), whereas the yields obtained after extraction
with hexane were the lowest (0.6-0.9 %). This is in line with the findings of Singh et al.
(2002) who reported that extraction of pomegranates with methanol gave the highest yield.
Extraction of the different plants with ethyl acetate and butanol gave intermediate yields
(ranging from 3-12 %). The hexane extracts not only gave low yields, but also contained
the lowest levels of phenolic compounds (0.1-0.3 mg/mL). The extracts-of the more polar
solvents (ethyl acetate, butanol, and methanol) contained substantially higher levels of
phenolic compounds (ranging from 0.7-2.3 mg/mL) and comparable with those found in the
ethanolic extracts (Table 1). Also in other studies, extracts obtained with relatively polar
solvents (methanol or aqueous methanol mixtures) had the highest content of polyphenolic

compounds (Dufour et al., 2007).

3.2. Antioxidant activities of the different plant extracts

Many methods have been used to determine the antioxidant activity of natural
products (Antolovich et al., 2002). No single assay however can establish the full antioxidant
potential of compounds, because multiple reactions and mechanisms are involved in
antioxidative processes (Chu et al., 2000). Therefore, at least two different methods should be
applied in order to evaluate the antioxidant capacity of extracts of fruits, vegetables, and other
plant products (Du et al., 2009). In the present study, the antioxidant potency of our extracts
was evaluated using the ABTS assay, which determines the free radical scavenging activity,
and the FRAP assay, which measures the ferric ion reducing ability. Fig. 1 shows the results

obtained with the ethanolic extracts. <Insert Fig. 1 here>
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Fig. 1A shows that the TEAC values of the ethanolic extracts of the different plants
were between 13.8 to 15.6 mM/mg. The antioxidant activity of the extracts was around the
same as that of BHT but significantly higher than that of vitamin E. The crude coconut peel
extract had higher TEAC activity than vitamin E but lower than that of BHT. Fig. 1B
demonstrates that the antioxidant activities of the ethanolic extracts were about the same as
that of vitamin E but around 3-fold higher than that of BHT. It is important to-mention that
the extracts of the plant peels have both excellent radical scavenging (Fig..1A) and ferric ion
reducing capacities (Fig. 1B). Because of the high antioxidant activity and polyphenolic
content of the crude ethanolic extracts, we fractionated the plants using solvents of increasing
polarity (hexane, ethyl acetate, butanol, and methanol) in order to investigate whether
fraction(s) with higher antioxidant levels could be obtained. The results are shown in Fig. 2
(ABTS assay) and Fig. 3 (FRAP assay). Fig. 2 shows that by far the lowest antioxidant
activity, as determined by the ABTS assay, was found in the hexane fractions (TEAC values
ranging from 0.6-2.1 mM/mg) which can be ascribed to their very low polyphenolic contents
(Table 2). The extracts of the more polar solvents had substantially higher activity (ranging
from 6-23 mM/mg) which is corresponding to their high polyphenolic levels (Table 2). The
ERP fraction even had 1.5 and 2.5 higher activity than that of BHT and vitamin E,
respectively. <Insert Fig. 2 here>

Fig. 3 indicates in line with the data of Fig. 2 that the hexane fractions had low
antioxidant activity as determined by the FRAP assay (EC values ranging from 0.6-1.0
mM/mg). The extracts obtained with the more polar solvents had higher activities (EC values
from 2.1 to 20.2 mM/mg). The highest activity found in the MRP fraction exceeded the
activity of vitamin E and BHT by a factor of ~2 and 7, respectively. These results show that
by using solvents with different polarity, fractions were obtained with higher antioxidant

activity than that of the crude ethanolic extracts. Taken together, it should be emphasized that
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the ERP and MRP fractions had significantly better antioxidant activity in both assays than
the controls, BHT and vitamin E (p < 0.05). <Insert Fig. 3 here>

The correlation of TEAC and EC values is reported in Fig. 4 which shows that there is
a linear relationship (R* = 0.979) between the values obtained with both assays. It can not be
concluded, yet, whether one or more compounds in the same extracts has both radical
scavenging activity and ferric ion reduction capacity, or that different compounds are
responsible for the different activities. Therefore, further fractionation of the extracts is

necessary. <Insert Fig. 4 here>

3.3. The relationship between the total phenol contents and antioxidant activities

Fig. 5 and Fig. 6 show the relationship between the total phenolic contents and the
TEAC (R’ = 0.897), and the EC (R* = 0.886) values, respectively. This good linear
relationship indicates that the antioxidant activity in the different fractionated extracts is, as

anticipated, due to polyphenolic compounds. <Insert Fig. 5 and Fig. 6 here>

3.4. Cytotoxicity test

Fig. 7, Fig. 8, and Fig. 9 show the dose-response curve of the tested fractions against
KB, Caco-2, and PBMCs, respectively. Table 3 summarizes the ICsy and ECsy values as
derived from these figures. It was found that the ECP and BCP extracts stimulate the
proliferation of these cells (EDs values ranging from ~13 - 82 ug/mL). This suggests that the
application of this extract, as a natural antioxidant in food or drug products for humans,
should be done with caution. Interestingly, the HCP extract shows a potent antiproliferative

effect on the KB tumor cell line (ICsp = 7.7 pg/mL), but has no antiproliferative effect on
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normal cells (PBMCs). Therefore this fraction is an interesting natural source for a potential
novel antiproliferative agent inhibitory to cancer cell growth, but that is nontoxic to healthy
human cells. Combined with the results of Fig. 2 and Fig. 3 it can be concluded that the
antiproliferative activity of the HCP extract is not related to its antioxidant activity, which
suggests that the responsible compounds are not polyphenolic. The fractions obtained by
extractions with the more polar solvent (ECP, BCP, MCP) did not have antiproliferative
activities. Neither did the fractions of rambutan peel show strong cell growth inhibition
nor stimulation except BRP and MRP which showed some stimulation on KB cell (EDs
values of 15.7 and 9.8 pug/mL, respectively). Although ERP and MRP showed high
antioxidant activity, ERP is preferred as antioxidant because MRP may induce cancer cell
growth. <Insert Fig. 7, Fig. 8, Fig. 9 and Table 3 here>

The HMP, EMP, and BMP extracts showed potent antiproliferative activity on KB
and Caco-2 cell line (ICs values ranging from ~8 - 97 pg/mL). This is in line with the results
reported by Moongkarndi et al. (2004) who found that the crude methanolic extract from the
pericarp of mangosteen showed strong antiproliferation and induction of apoptosis on
SKBR3 human breast cancer cells. Moreover, the ethanolic extract from mangosteen peels
had strong cytotoxic effects on K562, U937, and Molt4 cell lines with the ICs, values of 23.6,
4.5, and 101 pg/mL (Ampasavate et. al., 2010). Mangosteen fruit is a rich source of phenolic
compounds such as xanthone, o--mangostin, and tannin (Zadernowski et al., 2009). It has
been reported that six xanthones from pericarps of mangosteen had potent cytotoxic activity
against human leukemia HL60 cells (Matsumoto et al., 2003) and a-mangostin induced cell
cycle arrest and apoptosis in human colon cancer DLD-1 cells (Nakagawa et al., 2007). Table
4 shows that all mangosteen peel fractionated extracts had cytotoxic action on PBMCs with
ICso values ranging from ~6 - 24 pg/mL. This limits the application of this fraction as a

source of novel anticancer agents. In this respect the HCP extract has the highest potential.



13

4. Conclusion

In this study we have shown that rambutan peel extracts, particularly the ERP and
MREP fractions possess strong radical scavenging activity and ferric ion reduction capacity. It
was shown that polyphenolic compounds in extracts are most likely responsible for the
observed antioxidant action. Interestingly, HCP showed a high cytotoxic effect towards KB
cells, but possessed no detectable cytotoxicity towards PBMCs. In future studies, it is our aim
to establish the chemical structures and biological activities of the compounds present in ERP
responsible for the antioxidant activity and present in HCP responsible for the

antiproliferative activity.
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captions

1. Antioxidant activity of the ethanolic extracts (Table 1) from the fruit peels of three
plants using ABTS (A) and FRAP (B) assays. Vitamin E and BHT were used as
standards. Calibration was done with trolox (ABTS assay) and ferrous <sulfate
(FRAP assay).

2. Antioxidant activity of fractionated extracts (Table 2) using ABTS assay. Vitamin

E and BHT were used as standards.
3. Antioxidant activity of extract fractions (Table 2) using FRAP assay. Vitamin E

and BHT were used as standards.

4. Correlation between TEAC and EC values of the different fractionated extracts of
three fruit peels

5. Correlation between TEAC values and total phenolic contents of the different
extracts

6. Correlation of EC values and total phenolic contents of the different extracts

7. Dose-response curves of viability of KB cell line (A), Caco-2 cell line (B), and

PBMC cells (C) and concentration of fractionated peel extracts of coconut
8. Dose-response curves of viability of KB cell line (A), Caco-2 cell line (B), and
PBMC cells (C) and concentration of fractionated peel extracts of rambutan
9. Dose-response curves of viability of KB cell line (A), Caco-2 cell line (B), and
PBMC cells (C) and concentration of fractionated peel extracts of

mangosteen



18

Table 1
Yields of the ethanolic extracts (% w/w) and total phenolic content from the fruit peels of

three plants

Sample Yield GAE
Plant names
Code (%, wiw) (mg/mL)
Common name  Scientific name
Coconut Cocos nucifera CpP 5.8 0.63 +0.03
Rambutan Nephelium lappaceum RP 10.7 0.72 + 0.05

Mangosteen Garcinia mangostana MP 7.2 0.68 + 0.06




Table 2

Yields and total phenolic content of fractionated plant peel extracts

Yield GAE
Plant Solvent Sample code
(%, wiw) (mg/mL)
Coconut hexane HCP 0.6 0.30+0.01
ethyl acetate ECP 3.7 1.31+0.01
butanol BCP 4.1 1.06 +0.04
methanol MCP 15.9 0.67 + 0.07
Rambutan hexane HRP 0.6 0.29 + 0.01
ethyl acetate ERP 3.0 2.28 +0.02
butanol BRP 7.4 1.73 +0.03
methanol MRP 25.5 2.05+0.11
Mangosteen hexane HMP 0.9 0.09 + 0.01
ethyl acetate EMP 5.5 1.16 +0.17
butanol BMP 11.6 0.49 + 0.05
methanol MMP 18.8 1.64 + 0.06

19



20

Table 3
ICs and EDs values of the fractionated peel extracts for KB cell line, Caco 2 cell line and

PBMC normal cells

KB Caco-2 PBMC

Fractionated 1Csp EDs 1Cs EDs 1Cs EDsg

Extracts (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml)

HCP 7.7+0.5 ND ND >100 >100 ND
ECP ND 13.4%5.6 ND 48.312.7 ND >100
BCP ND 33.5%+13 ND >100 ND >100
MCP >100 ND ND >100 ND >100
HRP ND >100 >100 ND ND >100.
ERP >100 ND >100 ND ND >100
BRP ND 15.746.9 >100 ND ND >100
MRP ND 9.813.4 >100 ND ND >100
HMP 97.4+17.7 ND 13.0£3.8 ND 13.4%1.8 ND
EMP 24.3+0.3 ND 8.110.1 ND 5.910.2 ND
BMP 8.2+1.6 ND 33.7£2.8 ND 24.2+1.2 ND
MMP ND >100 98.812.8 ND 11.310.2 ND
Tamoxifen ND ND 4.0+0.4 ND 4.0x0.7 ND

ND = Not detectable
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was found from rambutan peel crude extract where the highest radical scavenging capacity via ABTS
assay was from its ethyl acetate fraction with a TEAC value of 23.0 mM/mg and the highest ferric ion
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hydroxyl toluene and vitamin E. It was shown that the ethyl acetate fraction of rambutan peel had the
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Effect of bioflavonoids on MMP-3 and invasion of the
MDA-MB-231 human invasive breast carcinoma cell
line
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Aim: Stromelysin 1 (matrix metalloproteinase 3; MMP-3) is an enzyme known to be involved in tumor invasion and metastasis. In this
study, flavonoids from vegetables and fruits, such as quercetin, kaempferol, genistein, genistin, and daidzein, were tested for their abil-
ity to modulate the secretion and activity of MMP-3 in the MDA-MB-231 breast cancer cell line. In addition, we investigated the in vitro
effects of flavonoids on MDA-MB-231 cell invasion.

Methods: The toxic concentration range of flavonoids was evaluated using the MTT assay. The ability of MDA-MB-231 cells to invade
was evaluated using a modified Boyden chamber system. The activity of MMP-3 was determined by casein zymography. The secretion
of MMP-3 was evaluated using western blotting, casein zymography and confirmed by ELISA.

Results: Some putative flavonoids, ie, quercetin and kaempferol (flavonols), significantly inhibited the in vitro invasion of MDA-MB-231
cells in a concentration-dependent manner, with ICs, values of 27 and 30 umol/L, respectively. Quercetin and kaempferol also
reduced MMP-3 activity in a dose-dependent manner, with ICs, values in the range of 30 umol/L and 45 pmol/L, respectively. None of
the flavonoids had a significant effect on the secretion of MMP-3.

Conclusion: These data show that the flavonols quercetin and kaempferol have higher anti-invasion potency and higher MMP-3 inhibi-
tory activity than isoflavones genistein, genistin and daidzein. In contrast, neither flavonols nor isoflavones have any effect on MMP-3

secretion.

Keywords: matrix metalloproteinase 3 (MMP-3); invasion; flavonoids; MDA-MB-231 breast cancer cell; casein zymography

Acta Pharmacologica Sinica advance online publication, 11 May 2009; doi: 10.1038/aps.2009.107

Introduction

Metastatic invasion is the primary cause of patient mortal-
ity during breast cancer progression. For a transformed cell
to metastasize to a distant site in the body, it must first lose
adhesion, penetrate and invade the surrounding extracellular
matrix (ECM), enter the vascular system, and adhere to distant
organs'. The inhibition of invasion of cancer cells has been
an important strategy in cancer treatment”. A crucial step
in the invasive processes is the proteolytic degradation of the
ECM and basal membranes®. Several studies have shown
that among the enzymes responsible for ECM degradation,
the matrix metalloproteinases (MMPs) appear to play a criti-
cal role™. MMPs are zinc-dependent endopeptidases, which

* To whom correspondence should be addressed. Department of Bio-
chemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai. Thai-
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E-mail plimtrak@mail.med.cmu.ac.th

Received 2009-03-26 Accepted 2009-05-31

collectively can degrade all constituents of the ECM. Based on
their structure and substrate specificity, they can be divided
into subgroups of collagenases, stromelysins, gelatinases,
membrane-type MMPs and other MMPs!”.

Breast cancer is the major cause of malignancy-related
deaths of women worldwide. In Thailand, breast cancer is the
second most common cancer among women and its incidence
is increasing™. Cancer invasion and metastasis are leading
causes of morbidity and mortality in patients with breast can-
cer. Several studies have demonstrated that upregulation of
MMP-1, -2, -3, -7, -9, -13, and -14is associated with breast can-
cer cell invasion®"".

MMP-3, also designated stromelysin 1, is a member of the
matrixin family, which plays a pivotal role in the degradation
and remodeling of the ECM. MMP-3 degrades several compo-
nents of the ECM, such as fibronectin, laminin, collagen type
IVI* and proteoglycans, and is thought to play an important
role in rheumatoid arthritis, osteoarthritis"> %, tumor cell inva-
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71 Previous studies have demonstrated

sion and metastasis
that the most invasive breast cancers exhibit the highest levels
of MMP-3, while cells with an intermediate level of invasive-
ness have lower expression levels of MMP-3; noninvasive
human breast cancer cells have undetectable levels of MMP-
3. Recently, experimental evidence has shown that specific
down-regulation of MMP-3 by anti-sense gene transfer leads
to a loss of breast cancer invasion™. In addition, inhibition
of MMP-3 activity with synthetic inhibitors reduces the inva-
sion and migration of various human malignant cell lines"**".
Therefore, every level of regulation of MMP-3 expression and
activity has been considered as a possible target for therapeu-
tic intervention®.

Flavonoids, 2-phenyl-benzo-a-pyrones, are polyphenolic
compounds that occur ubiquitously in fruits, vegetables, and

plant-derived beverages™.

These compounds possess a com-
mon phenylbenzopyrone structure (C6-C3-C6), with one or
more hydroxyl substituents (Figure 1). They are categorized
(according to the saturation level and opening of the central
pyran ring) primarily into flavonols, flavones, flavanols, isofla-
vones, flavonones, and flavanonols. These polyphenolic com-
pounds have several biological activities, which include anti-
mutagenic, antiproliferative and antioxidant effects, as well as
involvement in cell signaling, cell cycle regulation and angio-

B OH OH
HO o O HO o O
OH OH
OH O OH ©

Quercetin

Kaempferol

Genistein Daidzein

OH
HO.

HO

HO

Genistin

Figure 1. Nuclear structure of flavonoids (A). Structure of the different

flavonoids tested in this study (B).
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genesis™. Furthermore, an increasing number of in vitro and

in vivo studies have been conducted on the potential antime-
tastasis activity of flavonoids in various tumor cells including
human breast cancer. For example, quercetin and genistein
have been shown to reduce human breast cancer cell invasion
via down-regulation of MMP-1, -2, and -9 expression[24'26].
an in vivo study, intraperitoneal administration of quercetin
into syngeneic mice resulted in significant inhibition of lung
colonization in a dose-dependent manner?. Moreover, kae-
mpferol, genistin and daidzein inhibited MDA-MB-231 cell

invasion, with a concomitant reduction in the expression of
[28]

In

ECM degradation enzymes

However, the correlation between MMP-3 and flavonoids
in vitro remains unclear. In the present study we designed
experiments to compare the effect of flavonoids in the form
of flavonols (quercetin and kaempferol) and isoflavones
(genistein, genistin and daidzein) on MMP-3 secretion, MMP-3
activity and invasive activity in MDA-MB-231 human invasive
breast cancer cells. Our results demonstrate that the flavonols
quercetin and kaempferol show higher anti-invasion potency
and better MMP-3 inhibitory activity than isoflavones.

Materials and methods

Materials

Dulbecco’s Modified Eagle’s Medium (DMEM) with or with-
out phenol red, penicillin-streptomycin, and trypsin-EDTA
was purchased from GIBCO-BRL (Grand island, NY, USA).
Fetal bovine serum was purchased from Hyclone (Logan,
Utah, USA). The antibody against MMP-3 was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Matrigel was purchased from Becton Dickinson (Bedford, MA,
USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), p-casein, quercetin, kaempferol, genistein,
genistin and daidzein were purchased from Sigma-Aldrich (St.
Louis, MO, USA).

Cell lines and culture conditions

MDA-MB-231, a highly invasive breast carcinoma cell, was
grown in Leibovitz L-15 medium with 100 U/mL penicillin,
100 pg/mL streptomycin, and 10% heat-inactivated FBS. The
cells were grown as a monolayer at 37 °C in a humidified
atmosphere without CO,. MCEF-7, a non- invasive breast carci-
noma cell, and NIH3TS3 fibroblasts cells were grown in DMEM
supplemented with 100 U/mL penicillin, 100 pg/mL strepto-
mycin, and 10% heat-inactivated FBS. Cultures were grown as
a monolayer at 37 °C ina 5% CO, /95% air atmosphere.

MTT assay for cell viability

Cell viability was measured by the conventional MTT reduc-
tion assay as previously described®. Briefly, MDA-MB-231
cells were inoculated at a density of 5x10° cells/well in 96 well
plates for 24 h in 100 pL of DMEM with 10% FCS. Following
seeding, the culture supernatant was removed and serum-free
DMEM medium containing various concentrations of querce-
tin, kaempferol, genistein, genistin and daidzein was added
and the cells were incubated for 24 and 48 h. MTT dye (10
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uL, 5 mg/mL) was added to each well and the plate was incu-
bated for an additional 4 h. The absorbance of MTT-formazan
was measured using a microplate reader at 540 nm with a ref-
erence wavelength of 630 nm.

Cell invasion assay

The invasive behavior of MDA-MB-231 cells was tested using
the modified Boyden chamber assay™. Polyvinylpyrrolidone-
free polycarbonate filters (Millipore, Co Cork, Ireland) (8 um
pore sized) were coated with Matrigel (10 pg/filter). The
lower chamber contained serum-free conditioned medium
from NIH 3T3 fibroblast cells, which acts as a chemoattractant.
MDA-MB-231 cells (1.25x10° cells/chamber) were plated onto
the upper chamber with or without various concentrations of
flavonoids and incubated for 6 h at 37 °C, 5% CO,. After incu-
bation, the noninvading cells were removed from the upper
surface of the membrane. The invading cells on the lower
surface of the membrane were fixed with methanol for 1 min
and stained with toluidine blue for 5 min. The cells that had
actively migrated to the underside surface of the filter were
dissolved with 20% acetic acid and indirectly quantified by
measuring the absorbance at 570 nm. A control experiment
was performed in the absence of chemoattractant. The results
of duplicate independent experiments were averaged after
background subtraction.

Preparation of conditioned media

MDA-MB-231 cells (1x10° cells) were seeded into a 75-mm’ T
flask and maintained for 24 h in DMEM with 10% FBS. Sub-
confluent cell cultures were incubated for 48 h with various
non-toxic concentrations of flavonoids in serum-free DMEM
without phenol red. After treatment, the culture supernatant
was collected and concentrated with Amicon-Ultra4 (Milli-
pore, Co Cork, Ireland) for further studies.

Casein zymography
To determine MMP-3 activity in conditioned culture medium,
MDA-MB-231 cells were incubated in serum-free DMEM
without phenol red for 24 h at 37 °C in a 5% CO, /95% air
atmosphere. The culture supernatant was collected and con-
centrated with Amicon-Ultra4 (Millipore, Co Cork, Ireland).
Ten micrograms of unheated protein from concentrated
culture supernatants underwent electrophoresis under non-
reducing conditions in 0.2% w/v casein-containing 10% poly-
acrylamide gels (PAGE) in the presence of SDS. Gels were
washed twice for 60 min in 2.5% Triton X 100 to remove SDS
and subsequently incubated in Tris buffer (50 mmol/L Tris-
HCI, 200 mmol/L NaCl, 10 mmol/L CaCl,, pH 7.4) in the
presence of various concentrations of flavonoids (0, 5, 25, and
50 pmol/L) and phenantroline 50 pmol/L (positive control)
for 48 h at 37 °C. Gels were stained with Coomassie Brilliant
Blue R (0.1% w/v) and destained in 30% methanol, 10% acetic
acid. Caseinolytic activity appeared as a clear band on a blue
background. Digestion bands were quantified by Bio 1 D soft-
ware (Viber Lourmat, Marne-la-Vallée, France).

To evaluate MMP-3 secretion by casein zymography, MDA-

MB-231 cells were incubated in serum-free DMEM without
phenol red containing various concentrations of flavonoids (0,
10, 20, or 30 umol/L). Ten micrograms of unheated protein
from concentrated culture supernatants were subjected to elec-
trophoresis under non-reducing conditions in 0.2% w/v casein-
containing/10% polyacrylamide gels in the presence of SDS.
Gels were washed, stained and destained as described above.

Western blot analysis of MMP-3

To investigate the effect of flavonoids on the secretion of
MMP-3, western blot analysis was performed. Equal amounts
of concentrated conditioned media proteins from control and
treated cells were resuspended in sample buffer and separated
by SDS-PAGE, using 10% acrylamide gels. After electrophore-
sis, proteins were electroblotted to a Hybond-C Extra nitrocel-
lulose membrane (Amersham). The membrane was blocked
at room temperature (RT) with 4% BSA in TBST (20 mmol/L
Tris pH 7.5, 150 mmol/L NaCl, 0.3% Tween 20) for 2 h. Mem-
branes were further probed with mouse monoclonal antibody
against MMP-3 in 4% BSA in TBST (1:200; Santa Cruz Bio-
technology, USA) at 4 °C overnight. The blots were washed
in TBST and probed with horseradish peroxidase conjugated
anti-mouse IgG (1:5,000; Chemicon, France). After incubation,
the immunoreactive material was visualized by enhanced
chemiluminescence and exposed to X-ray film (Kodak, Wind-
sor, Colorado, USA) for 30—60 min.

MMP-3 ELISA

To further confirm the effect of flavonoids on MMP-3 secre-
tion, human MMP-3 double-sandwiched ELISA was per-
formed using commercial ELISA kits according to the manu-
facturer’s protocol (Calbiochem). Briefly, 50 pL standard
dilutions of recombinant human MMP-3 or experimental
conditioned media and biotinylated detector monoclonal
antibody were aliquoted into a 96-well microtiter plate coated
with mouse anti- MMP-3 monoclonal antibody. The plate was
sealed, incubated at RT for 2 h, and washed three times with
1xwashing buffer; 100 uL diluted horseradish peroxidase con-
jugated to streptavidin was added and incubated for 30 min at
RT and subsequently washed three times. Aliquots of 100 pL
of the color reagent 3,3’,5,5"-tetramethylbenzidine (TMB) were
then applied for 30 min to develop a blue color, and the reac-
tion was stopped by adding 100 pL of 2.5 mol/L sulfuric acid.
Absorbance was read at 450 nm by a spectrophotometric plate
reader with a reference wavelength of 595 nm.

Statistical analysis

Statistical analyses were performed using one-way ANOVA.
P<0.05 or P<0.01 were considered statistically significant. All
statistical analyses were performed using SPSS 13.0 software
(SPSS, Chicago, IL, USA).

Results

In vitro cytotoxicity assay

The effect of flavonoids on cell viability was measured by the
MTT assay. As shown in Figure 3, MDA-MB-231 cells treated
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with the indicated amounts of quercetin, kaempferol and daid-
zein (0-100 umol/L) for 48 h showed a concentration-depen-
dent inhibition of cell proliferation. Genistein and genistin
did not show pronounced effects on cell viability. Aftera24h
incubation, MDA-MB-231 cells showed eighty percent viabil-
ity when treated with bioflavonoids at concentrations below
60 umol/L. The ICs, values at 48 h incubation calculated from
the dose effect curve were 44.3+21.7, 60.0+16.3, >100, >100, and
65+15 pmol/L for quercetin, kaempferol, genistein, genistin
and daidzein, respectively (Figure 2).

Effect of flavonoids on invasion activity

Cell invasion assays were performed with non-cytotoxic con-
centrations (10, 20, and 30 pmol/L) of bioflavonoids. The
invasive behavior of MDA-MB-231 was tested using the modi-
fied Boyden chamber assay. MDA-MB-231 cells have the
ability to invade through Matrigel. MDA-MB-231 cells were
treated with quercetin, kaempferol, genistein, genistin and
daidzein (0, 10, 20, and 30 pmol/L) for 6 h. Quercetin and kae-
mpferol significantly inhibited the ability of the MDA-MB-231
cells to penetrate the reconstituted basement membrane, with
an inhibitory concentration at 50% of control (ICs) values of 27
and 30 umol/L, respectively. In contrast, genistein, genistin
and daidzein had minimal effects on cell invasion even at high
concentrations (Figure 3).

Effect of flavonoids on activity of MMP-3 in MDA-MB-231 cell
lines

Matrix metalloproteinases are key enzymes involved in the
process of cancer cell invasion. Concentrated serum-free

media revealed digested bands at 57 and 45 kDa, correspond-
ing to proMMP-3 and active MMP-3, respectively (Figure 4).
The activity of MMP-3 was reduced by quercetin and kaemp-
ferol with ICs, values of 30 and 45 pmol/L, respectively. In
contrast, the activity of MMP-3 was unaffected by genistein,
genistin and daidzein treatment.

Effect of flavonoids on secretion of MMP-3 in MDA-MB-231 cell
lines

To elucidate the effect of flavonoids on MMP-3 secretion, west-
ern blot analysis and casein zymography were carried out.
MDA-MB-231 cells (1x10° cells) were incubated with querce-
tin, kaempferol, genistein, genistin and daidzein at 10, 20, 30
pmol/L for 48 h. The secretion of MMP-3 was unaffected by
treatment with flavonoids (Figure 5). To confirm these results
the experiment was repeated using ELISA (data not shown).
For the three methods, all tested flavonoids had no effect on
MMP-3 secretion.

Discussion

Invasiveness or migration through the extracellular matrix
(ECM) is a fundamental property of malignant cancer cells. It
has been shown that elevated expression of different MMPs
is associated with different metastatic stages in the progres-
sion of various types of tumors®. We found that the level of
MMP3 in MDA-MB-231 (highly invasive breast cancer cells)
was four-fold higher than that in MCF-7 (poorly invasive
breast cancer cells), suggesting that the expression levels of
MMP3 correlate with the metastatic potential of cancer cells.
Elevated levels of MMPs are generally thought to contribute
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Figure 2. Effect of flavonoids on cell viability in MDA-MB-231 cells. Cells were exposed to the indicated amounts of each flavonoids (O, 6.25, 12.5,
25, 50, and 100 pumol/L) for 24 and 48 h. The number of viable cells was determined by MTT assay. Viable cells were expressed as a percentage of
untreated control cultures for each line. Results represent the mean+SD of three different experiments performed in triplicates. Statistical analyses
were performed using one-way ANOVA. °P<0.05, °P<0.01 was considered statistically significant.
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Figure 3. Effect of flavonoids on MDA-MB-231 cells invasion. MDA-MB-231 cells were seeded onto a Matrigel-coated filter containing quercetin,
kaempferol, genistein, genistin and daidzein as various indicated concentrations (0, 10, 20, and 30 uymol/L), incubated for 6 h in 37 °C. The cells that
active migrated to lower surface of filters were quantitated as described in material and methods. Invasion was expressed as a percentage of control.
The data represent the mean+SD of three-independent experiments. Statistical analyses were performed using one-way ANOVA. °P<0.05, °P<0.01 were
considered statistically significant.
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Figure 4. Effect of flavonoids on the caseinolytic activity of MMP-3 as determined by the casein zymography assay. Condition media of MDA-MB-231
were collected and concentrated and subjected to electrophoresis. The gels were washed, incubated with various concentrations of flavonoids (O, 5,
25, 50 umol/L) and phenantroline 50 umol/L (positive control) for 48 h at 37 °C, stained and destained as described in Methods. Caseinolytic activity
appeared as a clear band on a blue background. 1: Negative control; 2: 5 ymol/L; 3: 25 pmol/L; 4: 50 ymol/L; 5: phenantroline 50 ymol/L (positive
control). The relative caseinolytic activity of MMP-3 were quantified by Bio 1D software (Viber Lourmat, Marne-la-Vallée,France), where the untreated
group represented 100%. The data represent the mean+SD of three-independent experi-ments. Statistical analyses were performed using one-way
ANOVA. °P<0.05, °P<0.01 were considered statistically significant.

to tumor progression. More recently it has become clear thata regarding the role of MMP-3 in tumorigenesis and metasta-
complex dual role in tumor progression exists for some MMPs, sis. A recent study showed an acceleration of the growth of
such as MMP-3P2. Conflicting results have been published lymphoma cells that constitutively express MMP-3 when the
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Figure 5. Effect of flavonoids on MMP-3 secretion in MDA-MB-231 cell as determined by Western blot analysis (A) MDA-MB-231 cells were treated with
0, 10, 20, and 30 pmol/L of quercetin, kaempferol, genistein, genistin and daidzein for 48 h, conditioned medium was collected and concentrated for
MMP-3 determination. Equal amount of proteins was loaded (80 pg/lane). 1: Negative control; 2: 10 umol/L; 3: 20 umol/L; 4: 30 uymol/L and casein
zymography (B) Condition media of MDA-MB-231 were collected and concentrated and subjected to electrophoresis. The gels were washed, incubated
with various concentrations of flavonoids (0, 10, 20, and 30 umol/L) for 48 h at 37°C, stained and destained as described in Methods. Caseinolytic
activity appeared as a clear band on a blue background. 1: Negative control; 2: 10 ymol/L; 3: 20 pmol/L; 4: 30 pmol/L; Curcuminoids treatment at
0-15 ymol/L were used as a positive control. The band intensity of MMP-3 secretion by both assays was quantitated by Bio 1 D (Viber Lourmat, Marne-
la-Vallée,France, where the untreated group represented 100%. The data represent the mean+SD of three-independent experiments. Statistical

analyses were performed using one-way ANOVA.

cells were injected intrathymically into mice™. In contrast,

other studies have shown that genetic ablation of MMP-3 does
not significantly affect tumor growth and metastasis in the
MMTV-PyMT model®. The transcriptional changes of other
MMPs and their specific inhibitors in the MMTV-PyMT model
may complicate the metastatic outcome. Overall, these results
suggest that the expression of a single metalloproteinase,
stromelysin 1, is insufficient for the progression of mammary
adenocarcinomas to an invasive and metastatic phenotype.
However, matrix degradation by MMPs can alter the basic
processes of cell proliferation and apoptosis.

The chemopreventive effect of the flavonoids, flavonols
(quercetin and kaempferol) and isoflavones (genistein, genis-
tin and daidzein) has been observed through the suppression
of cell proliferation["’S] B inhibition
7l and stimulation of apoptosis in breast carcinoma

, inhibition of angiogenesis
of invasion'

[38]

cells The inhibition of invasion of cancer cells is of great
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significance in cancer treatment. Little is known about the
interaction of MMP-3 and flavonoids in human breast carci-
noma cells. Therefore, we examined the effects of flavonoids
on MMP-3 secretion, MMP-3 activity and invasive activity
using MDA-MB-231 cells in our experiments.

This study examined the effect of flavonoids on the invasive
behavior of MDA-MB-231 using the modified Boyden cham-
ber assay. As shown in Figure 3, quercetin and kaempferol
significantly inhibited the ability of the MDA-MB-231 cells to
penetrate the reconstituted basement membrane. In contrast,
genistein, genistin and daidzein did not significantly affect cell
invasion at high concentrations, suggesting that the flavonols
(quercetin and kaempferol) have higher anti-invasion potency
than the isoflavones (genistein, genistin and daidzein). As
MMP-3 has been reported to play a role during the migratory
and invasive processes of cancer, it is necessary to determine
whether flavonoids can inhibit the invasiveness of tumor cells.



Our results help clarify whether flavonoids can inhibit MMP-3
enzyme activity in MDA-MB-231 cells. Flavonols (quercetin
and kaempferol) inhibited the activity of MMP-3. In contrast,
the activity of MMP-3 was unaffected by genistein, genistin
and daidzein treatment (Figure 4). In addition, we found that
genistein could inhibit MDA-MB-231 cell invasion, but to a
lesser extent than quercetin or kaempferol (Figure 3). How-
ever, it seemed to have no effect on the activity of MMP-3
(Figure 4). Possible mechanisms of genistein-mediated inhi-
bition of MDA-MB-231 invasion include down-regulation of
the transcription of MMP-2, MMP-9, and MT1-MMP, and up-
regulation of tissue inhibitor of metalloproteinase-1 (TIMP-1)
9401 Fyurthermore, Magee and coworkers®" demonstrated
that other phytoestrogens, including genistein, inhibit MDA-
MB-231 cell invasion without affecting cell viability. Consis-
tent with our findings, bioflavonoids used at the concentra-
tions in the cell invasion assay (up to 30 pmol/L) had no effect
on cell viability.

MMP proteolytic activity is regulated at three levels: tran-
scription, proenzyme activation, and inhibition. We found that
flavonoids (both flavonols and isoflavones) had no effect on
MMP-3 secretion (Figure 5). In accordance with these results,
quercetin and kaempferol markedly inhibited the caseinolytic
activity of MMP-3 and inhibited breast cancer cell invasion,
suggesting a relationship between the metastatic potential and
MMP-3 activity. Indeed, batimastat (BB-94) and marimastat
(BB-2516), two specific inhibitors of MMPs in clinical trials,

have been found to reduce tumor metastasis?.

Inostamycin,
an inhibitor of cytidine 5’-diphosphate 1,2-diacyl-sn-glycerol
(CDP-DG, inositol transferase), has been found to suppress
the invasion of HSC-4 tongue carcinoma cells by reducing the
gelatinolytic activities of pro-MMP-9 and pro-MMP-2!. Con-
sidering that the dietary flavonols like quercetin and kaemp-
ferol are very safe and exhibit anticancer activities against a
wide variety of tumors, we suggest that they can also be used
to suppress the progression of the metastatic process in breast

carcinoma cells by reducing MMP-3 activity.
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