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MDRI—»

j+——— [3-actin

M = Marker

No. I =KB-VI No.6 = KB-V] {B-ac[in)

No.2=069M No.7 =069 M ([3-actin)

No. 3 =069 M + curcumin No.§ =069 M + curcumin ([3-actin)

No.4 =070 M No.9 = 070 M ([B-actin)

No.5=070 M + curcumin No.10= 070 M + curcumin ([3-actin)

31 40. uaRIRaYBINIIN electrophoresis YD98U MDR] 83110518 1l 069M Laz 070M

M | 2 3 4 5 6 7 & 9 10
MDR1l—» )
f3-actin

M = Marker

No. 1 =KB-V| No.6 = KB-V1 (B-actin)

No, 2=071M No.7 =071 M ([3-actin)

No. 3 =071 M + curcumin No.8 =071 M + curcumin {B-actin)
No.4=072 M N0.9 =072 M {B-actin}

No. 5=072 M + curcumin No.10= 072 M + curcumin ([-actin}

31N 41. uEAINaUDINITN electrophoresis ¥BIEU MDRI 8341130510 71 071M uaz 072M
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M2 3 4 8 A 7T R 9 101 12 i3 14

MDRI—* B-actin
M = Marker
No. 1 =KB-VI No.8 = KB-VI (B-actin)
No. 2 = 027M No.¢ =027 M (B-actin)
No. 3 =027 M + curcumin N0.10= 027 M + curcumin {[3-actin)
No.4=073 M No.l1= 073 M (B-actin)
No. 5 =073 M + curcumin No.12=073 M + curcumin {[3-actin)
No.6 = 074 M No.13= 074 M ([3-actin)
No.7 =074 M + curcumin No.14= 074 M + curcumin (B-actin)

319 42, uaRanaveINITNI electrophoresis V848U MDR/ ¥0341)20570 71 027M, 073M LAz

074M
M I ? 3 4 5 e % -8 9 10
MDR]—» .
<+—— [}-actin
M = Marker
Nol.= KBV MNo.6 =KBV1 (B-zctin)
No.2 =075M No.7 =075M (B-actin)
No.3 = 075M+curcumin No.8 = 075M+curcumin(B-actin)
No.4 = 076M N6.9 =076 (B-actin)
No.5 = 076 M+curcumin No. 0= 076M+ curcumin (-actin)

3101 43. uaRIHALBINIIRI electrophoresis ¥a98W MDRI vo9iT10510 11 075M Liaz 076M



MDRI 4+——— [3-actin

M = Marker

No. 1 =KB-V| No.6 = KB-V1 (B-actin)
No.2=077 M No.7 =077 M {[-aclin)

No. 3 =077 M + curcumin No.8 =077 M + curcumin ([B-actin}
No. 4=078 M No.9 =078 M (B-actin)

No. 5=078 M + curcumin No.10=078 M + curcumin ([3-actin)

3111 44, LAAINAYBINISN electrophoresis YBIOW MDRI ¥0I1]30310 11 077M uaz 078M

MDRI
+—— f-actin

M = Marker

No. 1 = KB-V1 No.6 = KB-V1 {B-actin)
No.2=079 M Ne.7 =079 M ([B-actin)

No. 3 =079 M + curcumin No.8 =079 M + curcumin {[3-actin)
No.4=08t M No.9 =081 M {[B-actin)

No.5=081 M + curcumin No.10= 081 M + curcumin (B-actin}

31N 45, uamINav8IN15¥1 electrophoresis V848U MDR! ¥091I031 11 079M uag 081M
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«— B-actin

MDR]—»
M = Marker
No. 1 =KB-Vi No.6 = KB-V1 (B-actin)
No. 2 =084 M No.7 = 084 M (P-actin)
No. 3 = (084 M + curcumin No.& =084 M + curcumin (B-aclin}
No. 4 =085M No.9 = 085 M ([-actin)
No. 5 =085 M + curcumin No.10= 085 M + curcumin (B-ac[in)

U7 46, uarAanavadn1IR electrophoresis Y0484 MDRI voadi20318 7 084M Loz 085M

MINN 6 uanITILaHDraveIRI9t19nINgte, Ui TR, uasmsurasaanuosau MDR/

Fretaf (wer 81y wiavewniula | midfveuaiiinia nlefidudns RIGHEATENRE

GELN R u@RIBNUB oY annaueIoY
. MDRI MDR/

001 M %1y 0y Relapsed AML 1450 vapra qufa 35 gl

I M+C maintenance 6.5

002 M Wl 41l ALL New case L4

02 M +C 5 1@ 1.5

003 M ¥ 167 Relapsed AML Re-induction A5 4.4 -

003M+C 1401 protocol T 20.7

004 M H10 111 ALL New case 79

004 M +C 6 1BV 89

005 M ¥ sy ALL induction AT 16

WS M=C | 7 ifiBu 28

06 M Hfﬁl 101 AML l?u maintenance 26 g

006 M + C 5 1A 36 '

007 M 0 167 ALL AU Rx. 136 97

007 M+C wunsinyuda 14

008 M %0 159 Relapsed ALL Re-induction ATU 258 -

Q8 M~C | 44

009 M* Sl 101#BY ALL New case WSoandow

009 M+ C Wules
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oloM" o 97 ALL New case 20 -
010M +C L ideu 30
— ;

oNn M ¥ 5y ALL (54 Phase 1Va 0 -

011 M+C 3idpu 0

012 M ¥ | 87 Relapsed ALL Off Rx. (11 54 33

p12M+C 71A0U Uszuan o 6

013 M w0 87 AML Phase IT AS U 34 -

013 M+ C 53

0l4 M Eali] 161 Relapsed ALL %3¢ maintenance 40 58

014 M +C 17

ERY ¥ o1l ALL %79 Phase IVa 39 15

OISM+C 71ADU Wiieum 33

016 M ¥ 33 ALL New case 53 -

0i6 M +C 8 ou 77

01T M Wi 137 AML New case 6 -

0ITM+C 1 1#eu 5.7

018 M ¥ 151 Relapsed ALL Induction A34H 3 14 -
| 018M+C 10 (Aau {relapse 3 581) 16

015 M Mg 137 ALL ATY Rx. 30 43

019 M+ CJ 9 1fou (Re induction) 07

020 M v 153l Relapsed ALL | Induction afaf 2 75 19

OM+C 61

021 M ¥ 151 ALL Phase IVb 46 -

021 M +C 3 Ao 63

022 M Ll 11 ALL New case 81 22

022M+C 11 ifiou (145 antibiotic) 63

023 M naja 21 ALL New case 56 30

D23 M +C 9.1A0U 39

024 M 110 91 ALL Phase [Vb 84 25

024M+C 1tfou 63

025 M %1y 121 ALL 31 Phase [Va M, 106 56

023 M+C 9 17U 47

026 M ¥ 97 ALL 151 Phase | 20 60

026 M +C 41Anu 8

027 M Sl 41 ALL 131 Phase | 100 37
wiM-C 6 1day 63

028 M N 11l ALL ASY Phase 1 42 2

028M~+C 9 Aoy 41

029 M ¥t 31 ALL (31 Phase 1Vb 17 18
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029M +C yifiau 14
030 M ¥10 61l ALL %72 Phase Vb 18 -
030M+C 6 1@nu 20
031 M 10 0l Relapsed AML 13 -
G M~+C 7 ifou (3
032 M 1 7 RaU AML New case 14 7
03ZM+C (3
033 M Al 97 ALL 151 Phase | 15 -
033IM+C 11 ey 29
034 M 19 23 ALL New case USuanis -
034M+C 1Fumilon
035M kAl 29 ALL New case USyatiey -
035M+C {0 4Rou Uinanles
036 M Y 91 ALL New case 66 12
0I6M +C 58
037M ¥y 51l ALL A3U Rx 42 3
MTM+C 9.1ADU 29
038 M il 11 Relapsed AML Induction AML A5 25 36
038M+C 4 1Rou 16
039 M ¥1u 101 ALL £ Phase Vb 66 -
039M+C 410U ) 69
040 M A1 31l ALL (31 Phase [Vb 19 16
Q40 M +C 1oy 16
041 M %19 121 CML 1&§y Hydrea ndn 94 .
04l M +C 9 Aoy 5 4u 132
042 M ¥ 11l CML New case 45 kY
042M+C 5.@ADu Juvenile type 31
043M e 27 ALL (33 Phase I1 100 84
043IM+C 3iAou 16
044M 2] 101l ALL 131 Rx 86 -
044M+C 7iA0u 186
045M TR 51 ALL AU Rx 100 -
045M+C 11 1A8U 122
046M nis 71 ALL New case 100 -
B46M+C 5 tdou (143 antibiotic) 108
047TM * 121 ALL New case UTnurion -
047M+C 5.@BU
048M 10 127 ALL 31 Phase Il 100 21
048M+C 9 (@ou 79
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ey v | 27 ALL New case 32 25 j
049M+C 24
050M i 41 ALL New case 29 34
050M+C 11 1dey 19
051M M 91 ALL fAITU Rx 20 - T
05IM+C 1 1oy 72
052M %18 161 ALL AU Rx 0
052M+C 6 1ABY 0
053M e 6 Wou ALL 33 Phase II 15 .
053M+C 27
054M ¥ 127 ALL New case 17
054M+C 9.1A0U 17
¥y 51 ALL AU Rx 55 13
3 laau 4%
Nl 1Y) ALL Relapsed CNS ALL 9 -
056M+C 5 fau 0
057M Hil 61 ALL A5 Rx 42 -
05TM+C 44
058M Hij 61 ALL AU Rx 46 -
058M+C 6 1Aau 56
059M LTS 41 ALL New case o -
059M+C 9 1ABY 0 J
060M 1t 7% ALL {31 Phase vb 60 T
060M+C 11 dau 69
061M %10 31 ALL (31 Phase i 43 26
061M+C 51AY 32
062M na 8 (DU ALL New case 28 -
06IM+C 41
063M ¥ 127 AML New case 70 17
063M+C 7\dou 58
064M Wi - AML fISU Rx 1 45
064M+C 6
065M Wi 2% ALL New case 75 12
065M+( El ey 66
066M Mg 71 AML A3 Rx 29 3
066M+C Tidou 28
067M %10 31 ALL New case 92 10
06TM+C 91AeY (185 antibiotic) 83
068M M 123 AML New case 58 5
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068M+C 31@0u 55

069M TE 21 ALL A5 Phase | 59

069M+C 8 AU 73

070M il 71 ALL f31) Phase | 57 2

070M+C 91Hou 56

071M 1 107 ALL fi5U Phase [ 0 -

07EM+C 2 i@ou 0

072M Al 81l ALL fiTU Rx 24 -

0TZM+C | iAoy 40

073M L sl ALL AU Rx 78 51
073IM+C 31fau 38

074M M 121l CML - 23 -

074M+C 8 thau 145

075M v 71 ALL A Rx 29 -

075M+C 2 1A 35

076M N 151 ALL AU Rx 37 -

076M+C 47

077M 10 121 Relapsed AML, Maintenance phase 16 -

077TM+C 11 iou 34

078M ¥y 8% ALL AU Rx 23 39
0T8M+C 61Anu . 14

079M Eali] 21 ALL new case 0 -

G79M+C iU 0

080M Eal] 3% ALL new case Yiuailoy

086M+C 11 1A

031M M 41 ALL new case 65 65
OBEM+C 11 o {1451 antibiotic) 23

082M Hij 91l ALL AU Phase | Yiunues

082M+C 5 1ABu

083M Mg ! AML #1511 Phase | Ysuantos

083IM+C AREG)

084M Ml 11 AML IS Phase | 10

084M+C 610U 18

035M ¥ 161l ALL new case 20 60
085M+C | iou 8
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o o =
1P IFUARSLEAIDDNUDI DU MDA/

160
1401 o
120
100
80 1
60

40 4

20+

EX_BF

N = 23 11 26 18

New cases Relapsed Drug Completed

cases maintenance treatment

o o a o @ g o a v
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WeTIFUANILAAIBDNYD UU MDR/

160

140 1

120 A

100 4

80 1

60
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-20 . . BFUAYDIULITI
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ALL AML CML IUALRBAUTI

LEU_TYPE

511 48 uanaesiiuamsuanivenvestu MoR! Tufihedafdoriia ALL AML ioz CML
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S Ao 3 Aa =
nedaruai ugihefiimsanasvasdu Mor;

60 56

S T I 6 T4,
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case maintenance
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-] 30 o= e
whastrud g wAEnsana sve 38U MDR/
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% MDRIgene expression

160 — ——, — e e e [ genIuR
120 777_5:61’1_1}61 - sz_‘é_lfunmq ||| szévge
100 : Jt
80 | e
60 I " i TG T W rn HIHHHAHEHARR T
40 |- ——1 IR
20 . AAHETHE R BR THE TWLH
o T T

1 4 7 10 13 16 19 22 25 28 31 34 37

) da b
1RUNA 8819

. @ a o ' =1 o o o
307 53 pamsnnuFuiuEsEnINMIuERIDDNYRIEY MDRI Tuamauss uiladeaun iy

t = o ) Yar o o
57081 q A lasuuaz 16 aTumes Ay
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Ms1a0 7 passdwudieiiinisanaswesnisuanseenvesdy MDRI Tufihouaazngy

Y

ATTAUNITUAAIDDNUBIBUAINY

| srfunisuaniesn nauiila fwu | nesidus
6";1 {1-20%) New case 2 33.33
Completed treatment 1 16.67
Drug maintenance 3 50
Relapsed case 0 0
N (21-60%) New case 5 27.78
Completed treatment 5 27.78
Drug mainienance 4 22.22
Relapsed case 4 22.22
3 (61-100%) New case 6 42.86
. Completed treatment 2 14.29
Drug maintenance 5 35.71
Relapsed case 1 7.14
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oo o ' ar : — 1
2. MafinyaveReifItusensfudainsuaaspenyestu wrr luaaduzSaindie
= P
Wadear)
=2 da = L) a = . .
AISANY IHAVOUADTAITU (fumesAiiuesdsuanusin Sigma-Aldrich
fo a = - Fa o = o = & e ar 1
Usgnoudan nesfliiu, Auanendineialiiy, uaslichwanondineiaiin ludadiuves
L) n’u’: oy oo 1 = 2 o
NBTAINUBEANS 3 BIA WAL 77 : 17 : 3) ABMISUAAIODNYDIDU WTI FIRIN1TAT IOV
aa . s . - - iy 8 o 3 d o
HAYDINTSLUAAI08N 1AYTT semiquantitative RT-PCR misAnwindail laiuwaddiongss ala
»
idoav1391n lunszanuiinswIsiReawuy primary culture TagRInIsnATOUR IADS ALY
= o ] =i i
# anududu 10 pM Wuszoznm 48 $3Tue Faduanududun ldnnmsfnuarun
A ar 1 1
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= o + -3 T ] =1 = = =] -:ici
wamsfnu ludlstnadiau 70 919 ogeglugas 6 1deuds 16 1 6 v (Tuswhi
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¥09 WT1 mRNA Taoldnisuaaseanvesdu w17 lumad K562 1y positive control (100%)
] ) as |1 o o LN
WUTUABIAINUIMITNARIEALYUBY WTI mRNA lAlwwaduziSnlunszenusdile
o 3 & A o o a o HY ¥ e
$1uu 40 nwelufthovianua 70 5 wiefadowilu 57% Tasdetrmianueitldvdnn
run agarose gel electrophoresis Marasluglii 55-81 uazdiofannuiduvowovi 18 Tanld
- . ) ¥ o .. ar
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szAuMsuaRIeenYnIty W17 wieenidlu 3 aqude &1 (1-20%), 11unats (21-60%) uazgd
(61-100%) 1susAuInUAUN SN0 1Ly MDRI
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a [Y a 1A « o L) Qs ' Sa =
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Taosawudmud  lusiazngud Idvinsuonsisison lulinnuuanatsiuasanled

o o« a a 1 o N s e oA ' as
!FISUWBTH’JHGI'J@UN‘YINFH‘EG)?)Uﬁuﬁlﬂﬁ’t]tﬂﬂgﬂ’lllu Uﬂﬁuﬂqu‘wmﬁtuﬂua’mmmsz:ﬂums

HERIDDNUD IO WT)

V.= Marker{] kb ladder)

2. = -
3. = KS562(WT1)
4. = dotief 084M (WT1)
5. = $1613fi 084M + Curcumin (WT1)
6. = Fathef 085M (WTT)
7. = #0197 085M + Curcumin (WT1)
ﬂ -actin 8. = K562 (3-actin)
201 bp 9. = A790137 084M (B-actin)
| 10. = #796137 084M + Curcumin (B-actin)
.- . = #0t1e¥ 085M (B-actin)
6 7 8 91011 12 12. = #796137 085M + Curcumin (B-actin)

U9 54. 1TTR9A1081990301591 electrophoresis T1AI0E197 084M LBy 085M IHBANYINAYDY
MOIAIURDMITIAROAYEEY WT! §1035 RT-PCR 1aonasedy WT1 mRNA
drwmitll7elu 0.75% Agarose gel 9 WT1 Hvu1R 474 bp wag B-actin Vyu@

201 bp
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500 bp = -« WT]

= (-actin

1. = Marker 7. = No.045M

2. = K562 (Control) 8 = No. 045M + Curcumin

3. = No.044M 9. = [-actin of K562

4, = No.044M + Curcumin 10. = [ -actin of No. 010M

5. = No.0lOM 11, = [ -actin of No. 045M

6. = No. 010M + Curcumin 12. = [3 -actin of No. 045M + Curcumin

519 55. aRaNauDINITR electrophoresis YBIRIBY19H 010M, 044M Lidz 045M

+— WT]

1. = Marker 7. = No. 025M
2. = K562 8 = Na. 025M + Curcumin
3. = Np.0l2M 9. = No. 026M
4. = No. 012M + Curcumin 10, = No. 026M + Curcumin
5. = No.{24M 11. = No. 027M
6. = No. 024M + Curcurmnin 12. = No. 027M + Curcumin

310 56. LARINAVBINITM electrophoresis YDIRIDYIIA 012M, 024M, 025M, 026M 4az

027M
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12 3 4 5 6 7 8 9 10 1l 12

500 bp =—p -~ WT1
«— P-actin
1. = Marker 7. = No.0I8M + Curcumin
2. = - 8. = No.0l9M
3. = Kse2 9. = No. 019M + Curcumin
4. = No.0I7TM 10. = P-actin of K562
5. = No.017M + Curcurmin I, = -
6. = No.0I8M 12. = K562

317 57. uaraInaveIn13M electrophoresis 4996286139 017M, 018M uaz 019M

1 2 3 4 5 6 7 8 910 11 12
500 bp =—p <+ WT]
<= P-actin
7. = Marker 1. = No. 022M
8 = K562 2. = No. 022M + Curcumin
9. = No. 020M 3, = No.023M
10, = No.020M + Curcumin 4, = No.023M + Curcumin
11. = No.021M 5. = [-actin of K562
12. = No.02IM + Curcumin = 6. = H,0

31N 58. AR INaLDIMIN electrophoresis YBIAIBLINT 020M, 021M, 022M 1Az 023M
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Il 2 3 4 56 7 8 9 10 11 12

I = Marker 7. = No.030M
2. = K562 & = No.030M + Curcumin
3. = No. 028M 9. = No.03IM
4. = No. 028M + Curcumin 10. = No. 031M + Curcumin
5. = No. 029M 1. = Neo 032M
6. = No. 029M + Curcumin 12. = No. 032M + Curcumin

317 59. uaanav0an 391 clecirophoresis UB36306157028M, 029M, 030M, 031M 10E 032M

2 3 4 5 6 7 8 9 10 11 12

500 bp <= WT1
«— B-actin
7. = Marker 1. = No. 036M
8 = K562 2. = No. 036M + Curcumin
9. = No, 033M 3. = No.039M
10. = No, 033M + Curcumin 4. = No.03%M + Curcumin
11. = No.035M 5. = [-actin of K362
12. = No.035M + Curcumin 6 = --

311 60. UAAINAYBINIIN electrophoresis VBIAIBY14H 033M, 035M, 036M LAY 039M
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7. = Marker I, = -—

8 = No. 03™™ 2. = No. 037M

9. = No.037M + Curcumin 3. = No.037M + Curcumin
10. = No. 038M 4. = No.038M

t1. =  No. 038M + Curcumin 5. = No.038M + Curcumin
12. = K362 6. = K562

517 61. LETAINAVBINITI electrophoresis ¥BIAIDEIIN 037M LT 038M

500 bp —

7. = Marker 1. = No. 042M

8. = K562 2. = No.(42M + Curcumin
9. = No. 040M 3. = No.043M

10. = No. 040M + Curcumin 4. = No. 043M + Curcumin
I1. = No.04IM 5. = P-actin of K562

[2. = No.041M + Curcumin 6. = -

317 62. UARIHDUBINTTI electrophoresis YDIRIDI1IN 040M, 041M, 042M LAY 043M



12 3 4 5

98

6 7

8

9 10 11 12

500 bp = = WT]
4= [-actin

1. = Marker

2. = K362

3. 0=

4. = No.046M

5. = No. 046M + Curcumin
6. = No. 048M

No. 048M + Curcurnin

B-actin of K562

B-actin of No. 046M

f-actin of No. 046M + Curcumin
B-actin of No. 048M

[3-actin of No. $48M + Curcumin

519 63. uar@InaYDIN 139 clectrophoresis YBIAIDL19N 046M LDZ 048M

23 4 5 6 7 8

. = Marker
2. = -

3. = K362

4. = No.049M

5. = No. 049M + Curcumin
6. = No. 050M

7. = No. 050M + Curcumin
8 = No.051M

9 10

112 1314 15 16 17

i

< WTI]

4= B-actin

No. 051M + Curcumin

B-actin of K562

B-actin of No. 049M

[-actin of No. 049M + Curcumin
B-actin of No. 050M

B-actin of No. 0506M + Curcumin
B-actin of No. 051M

f3-actin of No. 051M + Curcumin

317 64. LaaanauBIn13 M electrophoresis YBIAIBUA 049M, 050M LAE 051M
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1 2 3 4 5 6 7

T _

7. = Marker Il "=
5. = - 2. =
9. = K562 3. 0=
10. = No. 052M 4. =

,....
—
I

No. 052M + Curcumin 5 =

g
I

No. 053M 6. =

9 10 11 12

= WT1
4= [}-actin

No. 053M + Curcumin

B-actin of K562

B-actin of No. 52M

[-actin of No. 052M + Curcumin
B-actin of No. 053M

f3-actin of No. 053M + Curcumin

3UN 65. uaRINEUDININ electrophoresis ¥D97I88131 052M 1ag 053M

1 2 3 4 5 6 7

o 10 1t 12

500 bp —» <+ WTI
< P-actin

I. = Marker 7. =
2. = - 8 =
3. = Ks62 9. =
4. = No. 054M t0. =
5. = Nao.054M + Curcumin L. =
6. = No.055M [2. =

No. 055M + Curcumin

B-actin of K562

[3-actin of No. 054M

B-actin of No. 054M + Curcumin
B-actin of No. 055M

B-actin of No. 055M + Curcumin

31N 66. uaasnauBINIIN electrophoresis YDA IDEIH 054M Uag 055M
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12 3 4 5 6 7 & 9 10 I 12

500 bp —» -« WTI

«— [3-actin

1. = Marker 7. = No.056M + Curcumin

2. 0= - 8 = P-actin of K562

3. = K562 9. = P-actin of No. 054M

4. = No.054M i0. = [-actin of No. 054M + Curcumin
5. = No. 054M + Curcumin It. = [-actin of No. 056M

6. = No.056M 12. = B-actin of No, 056M + Curcumin

317 67. naaIraUD N1 electrophoresis ¥O9A 1881971 054M 1z 056M

i 2 3 4 5 6 7 8 9 101112

“— WTI1
Y W« P-actin

500 bp =

1. = Marker 7. = No. 058M + Curcumin

2. --- 8. = [-actinof K562

3. = K562 9. = [-actin of No. 057M

4. = No.057TM 10. = P-actin of No. 057M + Curcumin
5. = No.057M + Curcumin 11, = P-actin of No. 058M

6. = No. 058M 12. = B-actin of No. 058M + Curcumin

317 68. LAAINAVBINISN electrophoresis YDIAIDENT 057M 1182 058M
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L2 3 4 5 6 7 8 9 10 11 12

500 bp —» -
< [-actin
1. = Marker 7. = No.060M + Curcumin
2. = - 8. = [-actin of K562
3. = K562 9, = P-actin of No. 059M
4. = No.05%M 10. = [-actin of No. 059M + Curcurnin

5. = No.059M + Curcumin 1. B-actin of No. 060M

6. = No.060M 12. = B-actin of No. 060M + Curcumin

317 69. LEAINAVBINITIN electrophoresis VYBIATDE 19T 0SIM Uaz 060M

l. = Marker 7. = No.062M + Curcumin

2. = - 8 = [-actin of K562

3. = K562 9. = [-actin of No. 061M

4. = No.06IM 10. = P-actin of No. 061M + Curcumin
5. = No.061M + Curcumin 1l. = PB-actin of No. 062M

6. = No.062M 12. = [-actin of No. 062M + Curcumin

3UN 70. 1A INALDINITN electrophoresis YBIRIDY1IN 061M UAT 062M



1 2 3 4 5 6 7 8 9 10 11 12

500 bp =— = WTI]
<= [3-actin

l. = Marker 7. = No. 064M + Curcumin
2. = - 8. = [-actin of K562
3. = KS62 9. = B-actin of No. 063M
4. = No.063M 10. = B-actin of No. 063M + Curcumin
5. = No.063M + Curcumin [1. = [-actin of No. 064M
6. = No.064M 2. = [-actin of No. 064M + Curcumin

3U7 71 LEAAINAVBINIIN clectrophoresis VDIAIDE1AH 063M LRz 064M

1 2 3 4 5 6 7 8 9 10 11 12

500 bp —- -« WTI
4= P-actin

1. = Marker 7. = No. (666M + Curcumin

2. 0= - 8. = [-actin of K562

3. = KS62 9. = [-actin of No. 065M

4. = No.065M 10. = [-actin of No. 065M + Curcumin
5. = No. 065M + Curcumin 11. = P-actin of No. 066M

6. = No. 066M 12. = [-actin of No. 066M + Curcumin

319 72, uaAMDYBIN1TH1 electrophoresis YBIAIDH19N 065M LAY 066M



500 bp ==

It

Marker

K562

No. 067TM

No. 067M + Curcumin

No. 070M

103

g8 9 10 11 12

< WT]

<= [-actin

No. 070M + Curcumin

B-actin of K562

B-actin of No. 067M

B-actin of No. 067M + Curcumin
[-actin of No. 070M

(-actin of No. 070M + Curcumin

31N 73. uaaInDYDIMI electrophoresis YDIRIBLIIN 067M LAZ 070M

500 bp =

o

Marker

K562

No. 068M

No. 068M + Curcumin
No. 069M

No. 069M + Curcumin

10.
1.

12.

8

il

9 10 11 12

<= WT1
4 P-actin

3-actin of K562

P-actin of No. 068M
B-actin of No. 068M + Curcumin
[-actin of No. 069M
-actin of No. 069M + Curcumin

K562

g‘IJYd! 74. LOAINAYBINITN electrophoresis VDIAI0814H 068M 1Az 069M
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1 2 3 4 5 6 7 8§ 9 10 11 12

4= WT1

4 [3-actin

[. = Marker 7. = P-actin of K562

2. = K562 8. = [-actin of No. 070M

3. = No.070M 9. = B-actin of No. 070M + Curcumin
4. = No.070M + Curcumin 10. = [-actin of No. 071M

5. = No.07IM 11. = P-actin of No. 071M + Curcumin

6. = No.071M + Curcumin 12. K562

31U 75. AR IHaYBINITIN electrophoresis YBIAIVE 1N 070M 1Az 07IM

1 2 3 4 5 6 7 8 910 11

500 bp == < WT]
4~ [3-actin
I. = Marker 7. = P-actin of K562
2. = K562 8 = [-actin of No. 072M
3. = No.072M 9. = [-actin of No. 072M + Curcumin
4. = No.072M + Curcumin 10. = -actin of No. 073M
5. = No.073M 11. = [-actin of No. 073M + Curcumin
6. = No.073M + Curcumin

51N 76. 1LAAINAVBINTIIN1 electrophoresis YBIAIBHIIN 072M 1Ay 073M
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1 2 3 4 56 7

500 bp wed- = WT1
<- B-aCtin

1. = Marker

2. = K562

3. = No.074M

4. = No. 074M + Curcumin
3. = No. 075M

6. = No. 075M + Curcumin

10.
11.

12.

8

9 10 11 12

B-actin of K562

B-actin of No. 074M

[-actin of No. 074M + Curcumin
[3-actin of No. 075M

[-actin of No. 075M + Curcumin

B-actin of K562

311 77. uaR IRV IN1TI1 electrophoresis YBIRIBA1IA 074M LAT 075M

i 23 4 5 6 7 89 101112 13 14 15 16 17

500 bp

1. = Marker

2. = K562

3. = No.075M

4, = No. 075M + Curcumin

5. = [-actin of K562 7

6. = [3-actin of No. 075M

7. = [-actin of No. 075M + Curcumin
8. = K562

10.
11.
12.
13.
14.
15.
16.
17.

<« WT1
= (3-actin

= No. 075M
= No. 075M + Curcumin
= No. 076M
= No. 076M + Curcumin

= [-actin of K562

B-actin of No. 075M
= [P-actin of No. 075M + Curcumin
= [-actin of No. 076M
= P-actin of No. 076M + Curcumin

317 78. uamawav8In15 electrophoresis ¥84AIBH 19N 075M (1D 076M



106

1 2 3 4 5 & 7 g 9 1011 12

<= P-actin

1. = Marker 7. = No.078M + Curcumin

2. = - 8. = [-actin of K562

3. = K562 9. = [B-actin of No. 077TM

4, = No. 077M 10. = -actin of No. 077M + Curcumin
5. = No.077M + Curcumin 11. = PB-actin of No. 078M

6. = No.078M 12. = f-actin of No. 078M + Curcumin

31N 79. wamINavBINII9 electrophoresis YBIFIBLITH 077M 1Az 078M

1 23 4 5 6 7 & 910 11 12

500 bp —> [N Y <« WTl
' % » aes U [3-actin

1. = Marker 7. = No. 08IM + Curcumin

2. = - 8. = [P-actin of K562

3. = K562 9. = [-actin of No. 079M

4, = No.079M 10. = [-actin of No. 079M + Curcumin
5. = No.079M + Curcumin 11. = [P-actin of No. 081M

6. = No.08IM 12. = P-actin of No. 081M + Curcumin

317 80. 1A IHAYD AN electrophoresis YBIAIBE191 079M Liaz 081M
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1 23 4 5 6 7 8 9 10 11 12

500 bp =—» “+— WTI mRNA
<= [-actin
13. = Marker 7. = No. 085M + Curcumin
14. = - 8. = PB-actin of K562
15. = K562 9. = PB-actin of No. 084M
16. = No. 084M 10. = [-actin of No. 084M + Curcumin
17. = No. 084M + Curcumin 11. = [P-actin of No. 085M
18. = No. 085M 12. = P-actin of No. 085M + Curcumin

317 81. uEAINAYDINTIN electrophoresis YBIAIBL1IT 084M AT 085M

=5 e Yo o A 1:_;] 81 4 &4 A °
INHANTTAANE I lasvanesnsmtu lvnszanaindthovzd udadoaviiuou
v
Vianwa 85 318 lAun
ar ] = ] Y a
1. #290730 111330 set PCR 18 911U 10 376
w [} R PR o o 28 i o 1
2. @9sINLUS UM AR AV IUBUINUNT
P EINSOTIN IR 18 §1UuU S 518
3. @w0ieuI NI e e $1uau 70 510

33 85 9y

HIENHEA -
1) @18013% lUa5e set PCR 18 $1u2u 10 519 18un 001M, 002M, 003M, 004M,
005M, 006M, 007M, 008M, 009M, Laz011M
@ ' Py o A 1 ] o = v
2) detniSnaaadifadeanndssnnoy luszannsodindn e 14

$1u7u s 510 18un 034M, 047M, 080M, 082M LA 083M

o ]
FI9H1ININUA 70 118 ‘l’lﬂ"lll'l‘iﬂﬁ’iﬂ'l')tﬂﬁ"l%ﬁﬁlg}} mmmum"lé’ﬁﬂu

IRCULRIATPY
= g9y 41 510 Al 59%
" w29 9w Aadlu4in

53 70 s Aailu 100%



= d o &
2. ¥ UAYDIULITAVALDDAYT

ALL

AML

CML

334

58
10
2

70

71

Y

8

FRti]
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aentlu 83%
Al 14%
Aadlu 3%

anilu 100%

' 3 & @
3.ﬂq1J“UENFd1J']UﬂL‘U'I'JJ'I‘§ﬂH’]

= Aihelny 2257 Ay 31%

T s a & =
" JiheRnduuniiludnnd 8510 neutlu 12%

" fihohegluzaldiniitinga 245 Aeulu 34%

= AihohldomsuaiuTilsunsy 16510 Aty 23%

W70 s Ay 100%
4.52AUNTUAAIDDAUBIIY WT]
= yiimsueasenn 6 5w Aty 9%
" Seduen (1-20%) 20 e Aot 28%
" seautunans (21-60%) 21 T At 30%
= 52AUqa (61-100%) 23 5w adluaaw
" s 70 1w Amilu 100%

A1919A 8. ura i wazdunvesiId 1 ndte, Yse3adihe wnemsuaeseenvesiu w17

. .o oy yinveanziiy o m. o | eMiumAIBen | %n1300@3
fi70t10 | 1we " milafusuaiivhia - -
A | @y | vind@eavn UpahU WT1 | weitiu WT1

010M 9%

Lt 9 l ALL New case -
O1OM+C 230
012M . . 12

4w | 8| 7 | Relapsed ALL | Off Rx. ianlszanw 11 48
012M+C 7
013M 0

¥y 8 - AML AU Phase 11
013M+C 0
014M , 0

¥ | L6 - Relapsed ALL | ¥1 maintenance -
014M+C 0
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g15M , y 24

¥w | 9| 7 | ALL ¥79¢ Phase [Va t)auum 29
0i5M-+C 17
016M 0

10 3 8 ALL New case -
O16M+C 0
G17M - 9]

Had | 13 1 AML New case 37
HIMHC 57

S 4

018M Induction 73N 3 100

¥ | 15 10 Retapsed ALL -
O1RMAC (relapse 3 381) "
019M - 30

HER | i3 9 ALL A3y Rx. (Re induction) 87
019M+C 4
020M - pr 70

way | 15 - Relapsed ALL | induction fI54N 2 17
020M+C 58
021M &7

10 15 3 ALL Phase 1Vb -
021M+C 71
022M 70

H 1 1t ALL New case 7
022M+C 65
023M - 89

LT 2 9 ALL New case 21
023M+C 7
024M 77

Ea] 9 3 ALL Phase Ivb 26
024M+C 57
025M 2 39

¥ | 12 g ALL (3M Phase 1Va M1 64
025M+C 14
026M 2

Ll 9 4 ALL fITU Phase [ 100
026M+C 0
027M 0

%10 4 6 ALL AT Phase | -
027M+C 0
025M - 100

Ha 1 9 ALL 7Y Phase | 69
028M+C 31
029M " 98

bali] 3 9 ALL 171 Phase [Vb 66
029M+C 33
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030M . 14

w10 6 4] ALL %1 Phase [Vb -
030M-+C 45
03tM , 100

¥ | 10 7 Relapsed AML | %733 drug maintenance -
03 IM+C 121
032M 20

¥ | - 7 AML New case -
032M+C 31
033M 3

¥y 9 I ALL A3Y Phase [ -
033IM+C 1
034M USwilon

k] 2 ALL New case -
034M+C ETRLREY]
035M 47

¥ 2 10 ALL New case -
035M+C 64
036M - I8

Haw 9 - ALL New case 19
036M+C 15
437T™ 13

b A1) 5 9 ALL ATY Rx. 28
037M+C 9
038M - 25

WY | 4 Relapsed AML | Induction AML | ASU 24
038M+(C 19
035M . 33

b ial/] 10 4 ALL T 111 Phase I'Vh 45
039M+C 18
040M , 45

¥ 8 L ALL FZWI1 Phase IVb 17
040M+C 37
041M e v . 47

¥ |12 9 | CML 1854 Hydrea ua7 5 Ju -
041M+C 6l
042M 21

¥ | 5 ALL New case -
042M+C 24
043M . - 9

LR 2 3 ALL {31 Phase 11 24
043M+C 7
044M - 100

wga | 0| 7 | ALL A3l Rx, 2

98

044M+C
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045M - 100

nila | 6| 11 | ALL A3U Rx. -
045M+C 102
046M . 57

HY 7 5 ALL New case 5
04a6M+C 54
047M HEERTTY)

¥ | 12 b ALL New case -
047TM+C JFumday
048M " 56

¥ | 12 9 ALL 15U Phase 23
048M+C 43
049M 100

k] 2 . ALL New case 38
049M+C 62
050M . t00

Higs | 4 11 ALL New case 18
050M~+C 81
05IM N 8

Hiw | 9 ¢ | ALL 15U Rx. 57
05IM+C 4
052M 38

¥ 16 6 ALL ATY Rx. -
052M+C 43
053M . 2 34

Wl |- 6 ALL 134 Phase I 9
053M+C 50
054M 41

%10 12 9 ALL New case 3
054M+C 39
055M 65

b Ali] 5 3 ALL AT Rx. 7
055M+C 61
056M - 100

Ha 4 5 ALL Relapsed CNS ALL 27
056M+C 73
057M - 100

ug | 6 ALL 3y Rx. 39
057TM+C 61
058M . 91

Hija | 6| 6 | ALL A3 Rx. 4
058M+C 88
059M - 100

Hyy | 4 9 ALL New case 61
059M+C 9
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060M Py 100

%18 7 11 ALL 13U Phase 1Vb 13
060M+C 87
061M s 3

L ali] 3 5 ALL 134 Phase i1 -
06 IM+C 7
062M . 7

Hiyx | - ] ALL New case -
062M+C 7
063M 50

¥ | 12 7 AML New case 51
063M+C 25
064M - 4

g - - | ALL A3 Rax. -
064M+C 3
065M - 7

Hiyd | 2 I ALL New case -
065M+C 7
066M R 7

Hy | 7 7 AML fl3y Rx. -
Q66M+C 8
067TM 8

¥ 3 9 ALL New case 59
067M+C 3
068M - 55

W | 12 3 AML New case 2
068M+C 54
069M - 27

I 2 8 ALL Phase | ATY 15
069M+C 23
070M - 0
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11597804 RPMI 1640 medium ﬁ1ﬂ§h1‘ﬂﬂﬂ'\ilﬁﬂ&&°ﬁﬂﬁ

1.

MK RPMI 1640 ldasluniwusuinn 1 nsi% deionized distilled
water ag}ﬂixmm 800 ml

19 Deionized distilled water §1954 RPMI-1640 fitnaoas ) lunisuz
23 8%

1 HEPES /5170 3.57 g Awas ldan Ividhsu

i NaHCO, fifaudaSina 2 g duasluau sy

i) Mercaptoethanol 910 stock (mercaptoethanol 34 wpl/deionized
distilled water U315t 10 mL) a3 11 1ml s 1¥idny

USu pH WA 7.2-7.4 &2 IN HC udSudSumslu volumetric
flask 110w 1803

ilnseadan suction filter lavldnszmunsesmna 2 pm 1ud
ﬂaam*ﬁa_

Ltﬂdﬂ‘lﬂﬁ‘ﬁ'lﬂy ( ﬁ‘lu incomplete medium) lavial51as 500 ml Lﬁ‘u

Tudiu 4 °c

¥
A1TAS 8 DMEM medium dmiuldiaoawad

1.

W DMEM inweldnisuzuunn 1 8ns i) deionized distilled
water D8152379 800 ml ARy

19 deionized distilled water 819 DMEM findeluarosnsldiszinn
23884

%3 HEPES 130101 2.603 g fwae lauidigh

F1 NaHCO, U511 3.7 g dwastlnuldidhiy

U5y pH 1918 7.2-7.4 42 IN HCl ud5ud5uaslu volumetric
flask TiTu 18q3

i linsesdan suction filer Tavldnszmwnsowuta 2 pm lug

E1
Jasaie



144

7. uuesfile @ incomplete medium) ldvm/Sutas 500 mi iy

Tudidiu 4 °c
MTATUN Completed medium (1W3811930A% 100 ml ﬁﬂuﬁﬂaaﬂﬁ;ﬂ)

1. 11 RPMI 1640 medium 11 88.5 ml 1d luvad3u1as 100 ml

2. @y Pen/Strep 1 ml 919 stock (Penicillin/Streptomicin mixture 10,000
units/ml) a91uw7@ AL 1A L-glutamine 0.5 ml Wery TRIANAU

3. @A FCS (Fetal Calf Serum) Fuiluunasl¥ Growth factor lnaly
Uszaa 10 ml '

4, 1% pasture pipette HUD9R TuNA Af medium ﬁm‘%'un'lﬁ' (complete
medium) USua 5 ml leluviumaassyuiadn (60 x15 nm) 1l
vnlugoumsveulaoenlsd (s%) wov sterility test BMAIALS
dofmasszihiud 4 °c

MUIING N151A304 completed medium DMEM 9 lajle L-glutamine

2. mnesSgumsazaenlflumInaasd
Phosphate buffer saline (PBS)
KH,PO, 0.12

g
Na,HPO, 0.72 g
NaCl 4.0 g
KCl 0.1 g

Yhansvanyaazatodaeinaoasesutuie: 100 mL
-1y pH 118 74

-U5uUsues 11 500 mL

- srhlinsviainde (autoclave)

Hypotonic solution

NH,CI 0829 g
EDTA 0.037 g
KH,CO, 0.100 g

- 5y pH 114 7.2 0 NaoH

¥ '
- 5ud5es 1714 100 mL Aaenindu
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0.75% agarose gel

6X loading dye

DEPC treated water
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- hldnseadrenszaiunsesniivinm 0.2 millipore

- dllde sterility

Tris-base 1861 g
1
Wnlaeadosu 100 mL

15y pH IH 1A 8.0 A1 NaOH

Agarose gel 0.75 g
I X TAE 100 ml
Ethidium bromide 10 pL

Ui azasldvuadem1 Ty In 5w #1530 hot plate

sz 1-1.30 uIn

Bromphenol blue 00025 g
Sucrose 0.4 g
DEPC-treated water 1.0 mL

- AN3IAY sucrose AITIANABULAL Bromphenol blue

- Au'13n 4 °c Jufifia

Deionized distilled water 4 L.
Diethylpyrocarbonate 400 pl

- BB

b4 =) ) o

gy oy A o w
- Lﬂl]lh‘l’lqm‘ﬂﬂi\l?‘iﬂﬂ AU Y98 H’IVL‘]J autoclave INDN1UA

u

DEPC

1 mg/mL Ethidium bromide

Ethidium bromide 0.001 g
DEPC-treated water 1 mL

Hu'137 4 °c lunila



146

Wright-Giemsa stain Dye solution

Powdered Wright stain 3 g
Powdered Giemsa stain 0.33 g
Glycerol 40 mL

Methy] alcohol (absolute anhydrose) 1,000 mL

- T T3 lugew 40c win 1davinSesunezandougudald
wo (Iuvmsiivhmsey Twdwaadldiadmaiu sdedosuas
1 ﬂg’:\'i)

- ﬁ?ﬂ?ﬂiﬂﬂ%’)ﬂﬂ‘ixﬂ'}yﬂiﬂﬁ Whatman No.1 ﬁQiuﬂ?ﬂﬁ'li’lﬂWﬂ

Phosphate buffer pH 6.4
Monopotassium phosphate (anhydrous) 6.63 g
Disodium phosphate (anhydrous) 256 g

v 0
AUINAUIUATY 1,000 mL
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EFFECT OF TURMERIC CURCUMINOIDS ON WTI GENE EXPRESSION IN
PATIENT LEUKEMIC CELLS AND K562 CELL LINE
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e-mail: songyot@chiangmai.ac.th

Abstract

Leukemias are frequent phenomenon world-wide. 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.
Curcuminoids is well known for its anticancer property. The objective was to investigate the
effect of curcuminoids on WT! gene expression in patient leukemic cells and leukemic cell
line, K562. The leukemic cells were collected from bone marrow of 31 leukemic patients.
Leukemic cells were cultured in the presence or absence of 10 uM curcuminoids for 48
hours. WT1 mRNA levels were determined by RT-PCR. K562 cell line was also treated with
curcuminoids under the same conditions and served as 100% WT1 mRNA expression. The
effect of curcuminoids on WT1 gene expression from these two experiments was compared
in parallel. WTI mRNA level was low (1-20%) in 9 cases, medium (21-60%) in 13 cases and
high (61-100%) in 9 cases. W7/ gene expression was decreased by curcuminoids in 18 of
total 31 patients (58%), which accounted for 78% (7/9), 46% (6/13) and 56% (5/9),
respectively. Curcuminoids treatment in K562 cell lines also resulted in a decrease of 36%
WT1 mRNA. These findings showed that curcuminoids decreased WT1 mRNA level both in
patient leukemic cells and in K562 cell lines. Thus, curcuminoids treatment may provide a
guideline for clinical treatment in leukemic patients in the future.

Keywords: Curcuminoids; WT1; Leukemic cells; K562 cell lines

Introduction -

Leukemias are group of clonal disease characterized by an accumulation of abnormal
blood cells which are thought to drive from single cell in the marrow which has undergone a
genetic alteration. Malignant transformation occurs as a result of the accumulation of genetic
mutation in cellular genes. Some cases of mutations in oncogenes have provided useful
molecular marker for the course monitoring of disease during treatment. The abl translocation
in chromic myelogenous leukemia (CML) is a good example. Recently, the detection of
overexpression in specific oncogenes or tumor suppressor genes may provide information
that is useful in the diagnosis of leukemia and prognosis disease. The overexpression of
Wilms’ tumor (WT1) in leukemia is a good example. WTI is expressed in stem cells of the
bone marrow, but not in normal mature blood cells [1,2]. Previous studies demonstrated that
WTI gene is highly expressed in leukemic blast cells of myeloid and lymphoid origin, and
thus, WT1 messenger RNA provides a novel tumor marker for detection of minimal residual
disease of leukemias and for monitoring disease progression of myelodysplasyic syndromes.
It had been demonstrated before that the W7/ gene is expressed in the leukemic cell lines,
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K562 and HL60, and that differentiation of these cells in culture is accompanied by
downregulation of WT1 protein levels [3,4].

The WTI gene is defined as tumor suppressor gene in childhood renal tumor.
However, the wild-type W7/ gene is highly expressed in leukemic blast cells. Miwa {5] and
Miyagi [6] examined W7/ gene expression in leukemias using Northern blot analysis and
detected WTI gene expression in some case of acute myeloid leukemia (AML), acute
lymphoid leukemia (ALL), and chronic myeloid leukemia (CML) in accelerated phase or
blast crisis. Inoue [7] provided a new insight into the significance of W7 gene expression in
leukemias by quantifying the expression levels of W7I gene by quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR). In all leukemia samples examined
including AML, ALL and CML, significant levels of WT/ gene expression were found, and
the average levels were approximately 1,000 and 100,000 times higher than those in normal
bone marrow or peripheral blood cells, respectively [8]. Moreover, Bergmann [9] reported a
correlation between the W7/ mRNA levels and prognosis. These findings demonstrated that
the WT1 mRNA is a novel tumor marker in leukemic blast cells and its expression level is a
new prognostic factor for acute leukemia.

The function of WT1 protein, which is zinc finger protein and domains characteristic
of transcription factor, is not well understood. The level of expression is highest in leukemias
with immature phenotypes [5,6,7]. Expression of WTI1 is downregulated during
differentiation of leukemic cell lines. So, it plays an important role in cell proliferation of
blast cells.

Curcuminoids are a natural phenolic coloring compound found in rhizomes of
Curcuma longa Linn, a member of Zingiberaceae or ginger family, commonly called
turmeric. Curcuminoids content in turmeric varies from 1 to 5 % of fresh turmeric rhizome
and it has been identified as the major yellow pigment in turmeric. It has been widely used as
a spice, to color cheese and butter, as a cosmetic and in some medicinal preparations {10, 11].
Curcuminoids are the major active pigments of turmeric; curcumin (curcuminl),
demethoxycurcumin (curcuminll) and bisdemethoxycurcumin (curcuminlll). These three
curcuminoids always mix together after curcuminoid isolation from turmeric powder. It was
sometime calls curcuminoid mixture. Curcuminoids have a wide range of biological and
pharmacological activities including, antioxidant [12-14] and anti-inflammatory properties
[11], anti-mutagenic activity in vwvitro [15], anti-carcinogenic effects [16-18],
hypocholesterolemic effects in rat [19], hypoglycemic effects in humans {20] and MDR
modulator [21]. The safety of curcuminoids has been studied in various animal models [22]
and it is clear that turmeric is not toxic even at the high doses in the laboratory animals. A
single feeding of a 30 percent turmeric diet to rat did not produce any toxic effects. Ina 24 -
h acute toxicity study, mice were fed dosages of 0.5, 1.0 and 3.0 g/kg of turmeric extract
daily. There was no increase in mortality rate when compared to the respective controls in
either study. The 90-day treatment with turmeric extract resulted in no significant weight
gain [23].

Due to its wide range of biological and pharmacological effects, lack of toxicity in
animal models, curcuminoids were applied in leukemia. This paper aims to examine the
inhibitory effect of curcuminoids on W77 gene expression in both leukemic patient cells and
K562 cell line. This research may be use as a guide line for further study the effect of
curcuminoids on WT1 protein expression and curcuminoid application in clinical trial in
future.
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Materials and Methods

Materials

Commercial grade curcuminoids (77% curcumin, 17% demethoxycurcumin and 3%.
bisdemethoxycurcumin) and MTT viability assay (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl--
tetrazolium bromide) were purchased from Sigma-Aldrich (St Louis, MO, USA). RPMI1640,
SuperScript™ III One-Step RT-PCR System with Platinum® 7ag DNA polymerase reagent,’
TRIZOL® reagent, Penicillin-Streptomycin, L-glutamine and primers were purchased from
Invitrogen™ Life Technology (Carlsbad, CA, USA).

Bone Marrow Leukemic Cells and Cell Lines Culture Conditions ' !

The bone marrow leukemic cells (BM) were collected from bone marrow of 31
leukemic patients; 26 cases of acute lymphobiastic leukemia (ALL), 4 cases of acute
myelogenous leukemia (AML) and 1 case of chronic myelocytic leukemia (CML); 20 males
and 11 females. The age ranged from 1 to 16 years old. . Each cell type of leukemia was
identified by French-American-British (FAB) Cooperation Group classification. Treatment
was classified as follows: completed treatments; relapse cases; drug maintenance and new.
case. These samples were collected from Maharaj Nakornchiangmai Hospital, Chiang Mai,
Thailand. Leukemic cells were washed twice with ice cold phosphate buffer saline (PBS).
After that, red blood cells were lysed by hypotonic buffer solution. Cells were cultured in
completed RPMI1640 presence and absence of 10 uM curcuminoids for 48 hours in
humidified incubator with an atmosphere of 95 % air and 5% CO; at 37°C. K562 cell line
was used as a positive control cell in this experiment due to the high expression level of WT1
mRNA.

The erythroid leukemic cell line (K562) was generous gifts from Dr. Chaisuree
Suphavilai (Research Institute for Health Sciences (RIHES), Chiang Mai, Thailand). This cell
line was cultured in RPMI1640 plus 10% fetal calf serum, 1 mM L-glutamine, 50 units/mL
penicillin and 50 pg/mL streptomycin. Cells were maintained in humidified incubator with an
atmosphere of 95 % air and 5% CO; at 37°C. When the cells reached confluency, they were
harvested and plated for consequent passages or for curcuminoids treatments.

The effects of curcuminoids on cell growth were observed by examining morphology
of the cultures by an inverted phase contrast microscope. The trypanblue exclusion method
was observed to check cell viability.

Measurement of curcuminoids cytoto.ucuy ‘

Cell survival is determined by using MTT (3-[4,5-dimethylthiazol-2-yl]-2 S-dxphenyl-
tetrazolium bromide) assay as described [24]. MTT assay was performed by plating cells in
96 well plates (3.0 x10° cells/ well), ir 200 pl. medium, and incubating before drug treatment
at 37°C for 24 b. After 24 h, a various concentrations of curcuminoids were added in medium
(100 pL) and incubated for another 24 h. The metabolic activity in each well was determined
by the MTT assay and compared to untreated cells. Briefly, after removal of 100 pL
medium, MTT stock dye solution was added (15 pL/100 ul. medium) to each well, the plate
was incubated at 37°C in 5% CO; atmosphere. After 4 h, the solubilization/stop solution 100
uL was added to each well and mixed thoroughly to dissolve the dye ¢trystals. The
absorbance was measured by using ELISA plate reader at 570 nm with a reference
wavelength of 630 nm. The fractional absorbance was calculated by the following formula.
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% Cell survival = Mean absorbance in test wells X 100
Mean absorbance in control wells

RNA Extraction and Quantitative RT-PCR

RNA of bone marrow leukemic cells and K562 cell line were isolated by TriZOL
reagent® and RT-PCR was performed using One-step RT-PCR®  (Invitrogen™ Life
Technology). For W71, the sense primer sequence for exon 7 used was 5’-
GGCATCTGAGACCAGTGAGAA-3’ and the antisense primer for exon 10 sequence used
was 5’-GAGAGTCAGACTTGAAAGCAGT-3’, corresponding to residues 780-800 and
residues 1232-1253, respectively, of the published ¢cDNA sequence [25]. cDNA was
synthesized from 1 pg of total RNA at 60°C for 30 min and denatured at 94°C for 2 min.
PCR amplification was performed for 30 cycles of sequential denaturation (94°C, 1 min),
annealing (60°C, 1 min); and extension (72°C, 1 min).Using these primers, PCR yields gave a
474-bp product. Evaluation of f-actin expression, used as control of the RNA amount, was
carried out by using the sense primer sequence 5’-CAGAGCAAGAGAGGCATCCT-3’ and
the antisense primer sequence S’-TTGAAGGTCTCAAACATGAT-3’ corresponding to
residues 216-235 and residues 405-424, respectively, which yield a 201-bp product. cDNA
was synthesized at 55°C for 30 min and denatured at 94°C for 2 min. PCR amplification was
performed for 30 cycles of sequential denaturation (34°C, 1 min); annealing (55°C, 1 min);
and extension (72°C, 1 min). For negative control, water was amplified a total of 30 cycles to
detect possible contamination. A total 15 puL of each PCR product was electrophoresed in 1X
Tris/acetate/EDTA (TAE) electrophoresis buffer on a 1% agarose gel. Gels were stained
with 2 pg/mL ethidium bromide and analyzed by scanning densitometer (BIO-RAD).

Statistical analysis

Data were the mean + standard deviation of mean from triplicate samples of three
independent experiments. Differences between the means were analyzed by one-way analysis
of variance. Statistical significance was considered when P<0.05.

Results

Scientists are currently trying to identify a new compound as a candidate for
anticancer drug. Dietary plants, for example, turmeric, chili, ginger, pepper and garlic are of
central interest in Thailand. Turmeric curcuminoids, a major active component of the food
flavor turmeric (Curcuma longa Linn.); consist of three major active ingredients; curcumin,
demethoxycurcumin and bisdemethoxycurcumin. Curcuminoids, in particular, display a role
in numerous biological properties, including antioxidant and anti-inflammatory effect, as well
as anti-mutagen, anticancer properties. Moreover, the curcumoniods also inhibit oncogene
expression.

The cytotoxicity of curcuminoids on the leukemic cells, K562 was determined by
MTT assay. The cytotoxicity effect result showed that curcuminoids exhibited an excellent
cytotoxicity effect on K562 cell lines with the inhibitory concentration at 50% {ICso)
approximately 20 pg/mL (54.3 uM). For mRNA detection, ICgo was used for curcuminoids
treatment. The ICg was 6.25 pg/mL (17 pM) as showed in Figure 1.
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Fig. 1. Qotoxicity of curcumin and
curcuminoid mixture on K562 cell line.
Cells (3x10° cells/well), in 200 pL medinm
were grown in the presence of 0.4% DMSO
{vehicle control) or various concentration of
curcuminoids for 24 h. The numbers of
viable cells were determined by MTT assay.
Each point represents the mean value for
three independent experiments performed in
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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 leukemia detection and
monitoring disease progression. In this research, we focus on the inhibition of curcuminoids
on the WT1 mRNA level determined by RT-PCR. We expect to elucidate if the turmeric
curcuminoids inhibit WT1 mRNA level. This research will be the novel report because the
effect of turmeric curcuminoids on WT1 mRNA level in patient leukemic cells and K562 cell
line have not been reported now. Curcuminoids are well known for its anticancer property.
This experiment, we used K562 cell line used as a model for patient leukemic cells
comparison. K562 was treated with 10 uM curcuminoids for 24 hours which did not show the
effect on cell viability.

It was found that both curcuminoid mixture significantly decreased W7/ gene
expression in three time independent experiment. Moreover, curcumin, the major compound
of curcuminoid mixture, also exhibited the inhibition of WT1 mRNA as same as curcuminoid
mixture. WT1 mRNA level afier curcuminoids mixture and curcumin treatment in K562 cell
lines was found that WT1 mRNA was decreased by 36% and 37% of control, respectively.
The value of the WT1 gene expression divided by the B-actin gene expression was used for
comparison with the expression of the WT1 gene, with the value of WT1 gene expression in
K562 cells defined as 100% (Figure 2).
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Fig. 2. Analysis of the effects of curcuminoids treatment (curcumin and curcumingid mixture) on WT!
mRNA levels in K562 cell ine. The WTI and f-actin mRINA levels following treatment with 10 uM curcumin
and curcuminoid mixture for 48 h were determined by RT-PCR. The PCR products (474 bp WT1 and 201 bp -
actin) were run in 1% agarose gel. The bands were quantitated by scan densitometer. WT1 gene expression was
measured and normalized fo f-actin expression. Data are the mean values + standard deviation of three
independent experiments. Key: (*) significantly different from the control (p< 0.05). Lanel = Marker (bp); lane
2 = WTI] mRNA from K362 cell line {Control); lane 3 = WT1 mRNA from K562 + curcumin; laned = WTI
mRNA from K562 + curcuminoid mixture; lane 5 = f-actin mRNA from K562 cell line (Control); lane 6 = p-
actin mRNA from K562 + curcumin; lane 7 = f-actin mRNA from K562 + curcuminoid mixture.

Whereas slightly decreased was observed when cells were treated with
demethoxycurcumin  and  bisdemethoxycurcumin  (data not show). However,
bisdemethoxycurcumin can inhibit W7/ gene expression better than demethoxycurcumin
which was not appeared to show any effect on W7/ gerie expression.

The study of W7/ gene expression in patient leukemic cells in group of leukemic
patients; relapsed cases, drug maintenance, completed treatment and new cases, were found
that relapsed case and new cases showed the highest level of WT1 mRNA level that found in
leukemic cells came from bone marrow (58.7% and 55.3%, respectively). While, drug
maintenance and completed treatment showed the lower WT1 mRNA levels by 34.6% and
29.4%, respectively (Figure 3). The effect of curcuminoids on W7/ gene expression in patient
leukemic cells revealed that 18 leukemic patients (of total 31 patients; 58%) were decreased
WTI mRNA level by curcuminoid treatment (Figure 4a, 4b, 5a and 5b ); 3/5 cases of
relapsed (60% of total relapsed cases), 7/15 cases of drug maintenance (47% of total drug
maintenance), 3/4 cases of completed treatment (75% of total completed treatment) and 5/7
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cases of new cases patients (71% of total new cases). The level of W7/ gene expression
showed low level (1-20%), medium level (21-60%) and high level (61-100%). The
curcuminoids responses in three levels accounted for 78% (7/9), 46% (6/13) and 56% (5/9),
of total sample in each level, respectively (Figure 6). '

j¥.-}

Fig. 3. WTI gene expression in
patient leukemic cells (31 samples) in
group of leukemic patients; relapse
cases, drug maintenance, completed
treatment and new cases. The WTi .
mRNAs were determined by RT-PCR ’
and quantitated by scan densitometer.
The relative levels of WT1 gene
. expression in each patient cell (defined
in K562 cells as 100% expression).
PCR for WT1 and P-actin were
performed 35 cycles.

100 4

% WT1 mRNA level
g

u= H 15 H H

Relapse case Drug maintensnce Completed treatment New case

Discussion

The properties of curcuminoids in anticancer activity were found in many researches
including in our group. We found that curcuminoids effects on the proliferation of several
cancer cell lines, including Hep-2 (human larynx cancer), PC-9 and PC-14 (human lung
cancer), Hep-1 (mouse hepatoma) and F-25 (mutate H-ras transfected NIH mouse fibroblast)
by MTT assay {26]. The effect of curcuminoids on K562 cell line showed the inhibitory
effect by ICsy (54 pM) that was less toxic than HL60 and U937 cell lines with 19 pM and 24
UM, respectively (8.8 pg/ml and 7.2 pg/mL, respectively) (data not show). The cytotoxic
effect of curcuminoids in both cell lines presented at a concentration more than 8 uM (3
pg/mL) at 1Cgo. This result related to Kuo’s report that curcumin induced apoptosis in HL60
cell line at the concentration as low as 3.5 ug/ mL [14]. Recently the WT1 gene, the one of
marker in leukemia, was showed to overexpress in leukemic cells, K562 and HL60 by RT-
PCR [27]. This inhibitory effect by curcumnoids regulated a wide variety of genes that
require AP1 and NF«B activation which promote cell proliferation and cell differentiation.
These transcription factors are generally known as protein kinase C (PKC) regulation that
also found to regulate WT1 protein by phosphorylation at C-terminal domain {28} which
concerned cell proliferation inleukemic cells. Duvoix found that curcumin inhibit GSTPI-1
mRNA as well as protein which correlated to the apoptotic effect on K562 cell line [29].
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(2)

Fig.d. Gel electrophoresis analysis
of the effects of curcuntnoids
tremtment on WTl mRNA in 4
example  samples of leukemic
patient cells. mRNA from 4 samples
(The WT1 (2) and P-actin (b)
mRNA levels following treatment
with 10 pM curcuminoids for 48 h
were determined by RT-PCR. The
PCR products (474 bp WT1 and 201
bp P-actin) were run in 1% agarose
gel, No.1 = Marker; No.2 = K562
cell line (Positive);, No.3 = sample
020M; No.4 = sample 020M +
curcuminoids; No.5 = sample 021M;
No6 = sample O02IM +
curcumingids; No.7 = sample 022M;
No.8 = sample 022M +
curcumineids; No.9 = sample 023M;
No.l0 = sample 023M +
curcuminoids.
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After curcuminoid treatment with 10 uM (noncytotoxic dose), the result showed the
WT] mRNA was decreased by curcuminoids both curcuminoid mixture and curcumin (the
major curcuminoids in turmeric curcuminoid mixture) which extracted and separated 3 forms
of curcuminoids from turmeric powder with high purity [30]. The effect of curcuminoids on
WTI gene expression in leukemic cell lines has not been reported. WT1 mRNA was
expressed in relapsed cases and new cases more than drug maintenance and completed
treatment. It was suggested that WT1 is the biological marker and a prognostic factor for the
detection leukemia. WT1 protein had been reported that plays an important role in early
hematopoiesis and controls cell differentiation so it absences in mature blood cells [1,2]. For
AML, cases of the lowest levels of WT1 expression were observed in the differentiated
leukemia, M4 and MS. The effect of curcuminoids, at the same concentration as K562
treatment, on patient leukemic cells from bone marrow showed the inhibitory effect by 58%
of total samples. Almost these curcuminoids responsive leukemic cell samples were ALL
derived from childhood leukaemia (16/26; 62%). Another was AML (2/4; 50%) but absence
in CML. The concentration of curcuminoids was not effect in cell viability by MTT assay and
trypan blue exclusion method (data not show). The level of W7/ gene expression showed
three levels which were low level, medium level, and high level. These levels used the WT1
mRNA level from K562 cell line as positive control (100%) as measured by scan
densitometer. The curcuminoids responses by WT1 mRNA decrease in three levels. Thus,
curcuminoids can effect in every levels in patient leukaemic cells. This curcuminoids
effecting result in leukemic patient cells are correlated in that of K562 cell line.
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patient cells ((a) and (3)). The WT1 and p-actin mRNA levels following treatment with 10 pM curcuminoids
for 48 h were determined by RT-PCR. The PCR products (474 bp WT1 and 201 bp P-actin) were run in 1%
agarose gel. The bands were quantitated by scan densitometer, WT1 gene expression was measured and

normalized to B-actin expression. The relative levels of WT1 gene expression in each patient cell (defined in

K562 cells as 100% expression).
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Fig. 6. WT1 gene expression in each level (low, medium and high) in leukemic patient cells which were
decreased by curcuminoids (18 samples). The WT1 mRNAs were determined by RT-PCR and quantitated by
scan densitometer. The relative levels of WT1 gene expression in each patient cell (defined in K562 cells as
100% expression). PCR for WT1 and fi-actin were performed 35 cycles. The numbers of samples were defined
in total number of each level as 100%).

This finding may be important for patient leukemic treatment in the future. Since
curcuminoids can be potentially used as a chemotherapeutic agent. This research works may
be move forward to for the clinical trials study in the future. In summary, curcuminoids
treatment can decrease WT1 mRNA level both leukemic patient cells and K562 cell lines.
Curcuminoids also decreased WT1 mRNA levels in three levels of W7/ gene expression.
This research may be use as a guide line for curcuminoids treatment in clinical leukemic
patients in the future.
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