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Abstract

Imatinib <> gefitinib @ & 9 7¢ Tyr kinase FHEAI23BAFE SV TLOK, 2 FARRIRLHUIE S/ D
BIRIZET T ITEANZ > TV D, Indirubin (ZH0EREER & SN TE 72 Tyr kinase L 0 &l
e & 2 e i A BB LS A8 L T2 Ser/Thr kinase Td % CDKs (cyclin-dependent kinases)
<> GSK-3B (glycogen synthase kinase-3B) (ZEiFIMH:%2 & ALEW TH Y | HUIELAIBHFE D seed
ICEWERD BB ESN TS, KRR TIL, FEHEOBRELIHHANA T Y » N
indirubin 55K Epox/Ind Z H.0aZ, HUEEAI & L Co indirubin §5ERIZ OV TR T 5,
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Introduction

VR, TA TABANDEBEL L HITENDO—EE2 128> T D EMEGRAMIC L HEE
E. BHFICOE > THRADFEELRIER DO —D>TH D fil] T D, @Fﬁ@@ﬁ%&t
FHEEIX. BEE & o X7 B OMRETLHEIC L » TX 26N TEY ., ZOMHiE i%<®%ﬁ)/
fefblzs2 (kinase) (&L > THIEI S TWD, ZD7=, RN TR AICHEEET
kinases Z 51 & L7z inhibitor IZHUEEAIE L COERD IR S 4L, FEERIZ imatinib ’?3
gefitinib (28R SN DR B TAERSEN IR E R X k% EIF T % (Zhang et al,
2009), Kinase IX ATP Z iR & L CIERIZ V7 B & Y VBT 5720, Wiz ATP-
binding site 3 FFET 5, HEZICE W TEMEHEME BRI ST E T HFEOTEMRK
4y & LT &7z indirubin (1) (%, kinase @ ATP-binding site (28 it % & L& T,
2 < OIS T8 FAERE L FRRICE ER T ERMBELZ b OLEMTH S5 (Figure 1),
Indirubin 1. HEARJE I Z 4895 glycogen synthase kinase-3p (GSK-3B) < cyclin-dependent
Kinases (CDKs) (Zx} L CTHRVVEIFIMEZH L. ATP-binding site ~DifE&&E I LT X X7 1
REDRHEIZ L o THIEGEEZ BE L TV D LB 2 b TV 5, BIZ indirubin O AYTENE
IE, BERILOEASCH EE ORI L > TRESEEEZIT S, T70b 5 kinase (237
LR RIS R E DN E T 5, ARTIE, FF OB LIHEANA 7Y v N
indirubin 538K & H0IZ, FUEEAID seed (A4 & LT indirubin 5538 A2 DU THERL S
Do

Indirubin 3’-oxime derivatives

1. 6-Bromoindirubin 3’-oxime (6-Br-Indox)

TR kALY & U CHBES U7z indirubin 13, B2 42 W - BEhic sy Gl
EMEZ R TIREIIIERICE S, 20D, ZivE Tl indirubin OAMIEHEIZ DWW TRET L
TE MR DIZIE T TH, 3L carbonyl 2% oxime F(ZZ8#4 L 7= indirubin 3’-oxime (Indox)
(2) LG &4 % indirubin FERIZET 26D TH S, Indox (XHIZ, indole HH& DK
F# % halogen J5-1-X°> methoxy 272 SICE LT 5 & MRS ETE MR Kinase ZIRMEDBIRIIZZE
BT 22 EMHMBEINLTND, FFIZ, 1 2220 LIE 2 50 Br J&12° indole "B IZE#H L7z
indirubin F5EARIC OV T FEETETEF B 28 L < BET & 4T 5, 6-Bromoindirubin 3’-oxime
(6-Br-Indox) (3) 1%, indirubin FHE(RDOH T HEFIT GSK-3B T|IRMENFWZ &3 F HAL TN
% (Meijer et al, 2003), Meijer &%, Indox ® GSK-3B fHEIZF1T % ICso EHAY 22 nM,
CDKl/cycIin B FHEIZEIT D ICs fEA 180nM Toh 5 DTkt LT, 6-Br-Indox @ GSK-3p FH.

BT % ICso fEA> 5nM, CDK1/cyclin B FHEIZH51T % ICs 2% 320nM TH U | Indox D
ML Br Z# 8 A4 5% T GSK-3 BN M L35 & LTS, HIZ Meijer HI1Z%4F, 6-
Br-Indox @ oxime HALIZER 2 728 A2 B AT 5T, GSK-3B (2% 9 DRt 2 HERF LD
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O ARG ETE M A h) | & D ATEEMEIC OV TR LTV D ((Vougogiannopoulou et al, 2008),
BH DI, GSK-3p DR EMET 5 2 L SHUBSER ORI H 5T 51OV T, #
ORI H D LB ZTUWAHA (Ichimaru et al, 2016), 6-Br-Indox |% GSK-3p &R FIFHE
AlE LTHEZETHE TR HWON TN DR I TH D,

2. 7-Bromoindirubin 3’-oxime (7-Br-Indox)

Indox <> Indox #FHEROMBUEETEIEIL, 2 < DA apoptosis FHEIZHKT D 2 & A7R
I T % (Kameswaran and Ramanibai, 2009), #%# & ¢ 5’-methoxyindirubin (5°-CH3O-Ind)
(4) At FIEFEMAL (normal human dermal fibroblast, NHDF) DEFICHE LY 5 2 72 W R
TR IEEMIAOAEB ZAET S 2 &2 R L, fiEsEiX apoptosis DFFEFICL D H DT L
fEamfr T 72 (Saitoetal, 2011), —5C, 7-bromoindirubin 3’-oxime (7-Br-Indox) (5) %, Indox
K> 6-Br-Indox & b LC kinase FHEETEME MG (KW 2 &N F1 H 40TV 5 (Ribas et al,
2006), L 7L, 7-Br-Indox (351 2 |30 SEMEAAL SH-SY5Y (Z5f L T Indox <X 6-Br-Indox &
Y 5877 2 AR B BEIN I R A2 R L, N2 T ORI caspase FEARFRIRIZIC LD L DT
HDH T EDRHLMTEITV S (Ribasetal, 2006), F7-. 6-Br-Indox & [FlIE£IZ oxime BALIC
BRx IRIBH A B A3 5T, 7-Br-Indox DG ETEMESHERIND Z EAVRSNTEY
(Ferandin et al, 2006), AL HEEAITHL EEX LA TWD,

Indirubin 3’-(O-oxiran-2-ylmethyl)oxime derivatives

1. Epox/Ind DFkEH & MRS ETE M

FEH BIE Indox @ oxime FL A RIGE LT, & U\ T EOEET E OB F Lol
INZBEIRT BIRF 28N LTz~ 7 U RAL indirubin 338 (4 B %& % 4= C. indirubin 3°-
(O-oxiran-2-ylmethyl)oxime (Epox/Ind) (6) % % h% L 7= (Ichimaru et al. 2015), Br Jii-1-X> CH30
FEOE AT indirubin @ kinase BIFMEIZREE 2 KX 3 Z L IFRMIEW RV, FFEE ORER 1
W& D DT TIEZ2 VY, Epox/Ind 1, FESHIIEN CREAICHERES 2 protein kinases (Zxf L THl
ftE% 492 indirubin #8750 &, 5RO T A ALIEMEEZ AT D oxirane S I W=
indirubin FHEAR T, FEFFEA 2 oxirane FL O UG ME % indirubin 71 protein kinases (247t
SHTZHDOTH D, EERIZ Epox/ind OAIfEETEMZ HepG2 Hif (hepatoma) % v 7z
alamarBlue® assay |Z & - T 50% 4 EFHERE (ICsofE) ZrHliL7=& 2 A, BHbEW & LTz
indox @ ICsofE 1L 15uM TH - 7=DIZx} LT, Epox/Ind DZ L 1.7uM TH -7, 8717
PSR 3 4 =3 cis-platin @ ICso 7% 4.0 uM T&H % Z & 725, Epox/Ind 13 cis-platin & [F]
LU LoD BRPUESEEEZA L TWD Z EnbooTn5b, 7=, indirubin OFIEXAT
& % isatin (2% LT, oxirane 7% 3 A L 7= Epox/lsatin (7) (% 10 uM T HepG2 #llja > HE FiE
ZRE Lo 7=, F£7=. Epox/Ind X IMR-32 il (neuroblastoma) 35 0% SK-N-SH i
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(neuroblastoma) (Z5f L C#® ICs fEZY 0.16 uM B LY 0.07 uM L IEFICEETH 5,
Neuroblastoma (2%} % Al SE#%5 8 1% caspase FE4K 7772 apoptosis DFFEETH H Z L 35
M- TW5A (Kuritaetal. 2016), LA EdD Z & 7% Epox/Ind 1%, indirubin 737 O IZ
SL EGARRERYE L . oxirane DA K 2 MRS FEIEME DM A 2R L 72 8 indirubin
FHEKRTHDLEEZD,

2. Epox/Ind DA FRIHE

3 5 indirubin 12 AT 5 M & LT oxirane ££28 IR L7ZFEHD—DIZ, TLF
MG DRER) & LC ATP-binding site JELIZIFIET D Cys BHEOFIHANH 5, &0 bif
GSK-3BIZF31F % Cys199 I, %fﬁﬁ%\éfﬁ CBWTIROEERT I JBiELLShTnd
(Dominguez etal. 2012), FZEE, AERPNIZITWVEIESIET (pH~8) T. N-acetylcysteine (N-Ac-
Cys) (8) & Epox/Ind )iz S W72 & Z A, N-Ac-Cys @D SH 3 & Epox/Ind @ oxirane 543 75
Bt L. SEERBAIERIE (9) NAERT 5 Z LRIz (R%% data), D2 &b
Epox/lnd I% GSK-3B D Cys199 <>, CDK5 @ Cys83 ™ L 9 72 ATP-binding site ¥ Cys 4%k

HHFES 2R LTI kinase BEREZ THE L TV A D TIH W EEEL TV 5,

*ji‘( Epox/lnd D WIS ETEME 20 9 oxirane (X, EEICOT AT ERIRAEE D 72D
EFENT B L EMENME L . Epox/Ind DOHUEIGTE DR & D T RIS < mTREME
%%Fﬂﬁﬁhéﬂz\%ﬁi% Do T, FH OIIMUGHEER IZE T HepG2 AL O i B A i ik
(cell lysate) 1 C incubate L 7= & & @ Epox/Ind DM SR 22 EME 2 et Uiz, BUSHR O A+
IR E 4y 2 HPLC ICfF L7z & 2 A, Epox/Ind @ peak 78— 2< LT, #H7=72 peak 73
MBS 52 & &2 R L7z, ®IZ UPLC/IMS Z W C, #r7z Bl 7- peak 1E indirubin 3°-(2,3-
dihydroxypropyl)oxime (E804) (10) T& %5 Z & Z & L 7= (Ichimaru et al, 2015), E804 (%
Epox/Ind @ oxirane #B53 23 IN/K 53 fi# % 52 17 T diol A& L L& (b &4 T, Nam &
12 & - T apoptosis DOFFEIZ L D HUESIEMENHE S5 (Nam et al, 2005), = Z T
Epox/Ind & E804 DffifiafsEiEM:% alamarBlue® assay (2L - Tl L7=& 2 A, E804 D
HepG2 MIAIZ*d % 1Cso fE (X 2.2 uM TH Y . Epox/Ind (1.7 uM) & L CIRANIL 72573, ICso
EMELS 72D Z ER SNz, FMmE OMESEIEED 221X, HepG2 Hfi~ D gz IRFH
R D 24 FEf D 72 FERIIERE 3% & ICEATE(L L. Epox/Ind |% E804 L ¥ HAEH @
FRotRF BN TWD Z E D RENLTWD, FRIFT D Epox/ind 1%, KREIC EB04 [ZAHLX
NI LT 5 Z LD, Epox/ind (HMEZFEEMEO USR] CTH 5 ATREMEN &
Do

3. Epox/5-Br-Ind

Epox/Ind (6) (2B L TS AL, Indox (2) DM EIEMEZ M LS & 572901
oxirane DEANEFN THDH Z L ERLIZHLDOTH D, FH ST Indox L0 & MG EFRME
DEF TN D & EF 5 bromoidnriubin F5E A% L T oxirane 248 AT 2 FIZ L 2 HUlEE
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IEPEDOHEIR & it L7z, & 2 C. indirubin ‘5450 5,6,7,5°, 6’712 Br 2 1 D72\ LI 2

DEHL L 72 Br-Indox 35 L O Epox/Br-Ind Z 5% L, HepG2 AMARIT ki3 2 o (53 5 4 b

B L7z (Table 1), #5%:. 5% Br (Z@E#2 L 7= Epox/5-Br-Ind (11) @ ICsofE7AY 0.62 uM

ElBIRVMEA /R L7z, Epox/5-Br-Ind 1% HepG2 #fifidiZxt L C Epox/Ind & [RIERICFHER) 72

fHﬂH@ SEEM 2R L, A2 T Epox/Ind & [RIREEE D Fifge i) 7o il G =G E 2 3 DIZE T 5
BIEEIZ3 D1 ThoT,

EL’ HepG2 cell lysate % F\ T Epox/5-Br-Ind O Z2EM: % et L7 & Z A, Epox/Ind & [A]
FRIZ oxirane B3 M/K o3 fig U 75 BURIC ISk % peak O HBLSGRD H a7z, Epox/Ind % [F]
FED ST incubate 35 & peak HifE DK 80%A3 4 L7-23, Epox/5-Br-Ind Tl peak J&id
134K 60%IZ & &k 72 (Figure2), 7233, Epox/5-Br-Ind (23 T ¢ HepG2 cell lysate ~D iz

BT L > THE L D0, oxirane FALO MK 3K TH % 5-bromoindirubin 3°-(0-2,3-
dihydroxypropyl)oxime (12) O % T > 7=, M Z T, Epox/5-Br-Ind % oxirane DN 57 i % i
9% epoxide hydrolase (EH) Z#PHET 2 Z & bR STV (Figure 3), EH OFHFIX
Epox/Ind {21358 5417, Epox/5-Br-Ind 1% EH O FAEIZ K - T oxirane 5857 D ANK S EIZ
LS EIEME DR T 212 < <, FEFRAIIC Epox/Ind £V & iRV EEIEMEEZ R LT
WhHEEZBND, HEHEGIT EH OFLEX Epox/5-Br-Ind (2 K25 6 DT, MK RIEYD D
compound 12 23 % 5- L7282 & £ TH 5202 L T4 (Ichimaru et al, Submitted),

Summary

AR TlE, HRPUESA O seed LA & LT indirubin #53EKIC DWW T, BRZEFEE SN
BA%E L7124 7'V » RA&indirubin 3% E K Epox/Ind & & OFFEMR Z H.0 M HERL L 7=, Indirubin
D X5 A JE 1 BE3E kinase ¢ ATP-binding site ~O 8 Fn: 2 R L 72 BLEANT S < 1F1E
F 573, Epox/ind D X HIZZ R EHORERIEZIER & LIZERIZIZ S A LR,
ZNETIZ, o-enone iE & 1 fHIEH % Michael £ A E L7 Cys @ SH JE 2 faft: %
HOBLER BB I N TV 52 (Solcaetal, 2012), Epox/Ind (E#0Aa # T oxirane ££23 7K 5y
fREIND Z & TCEREBEDVRVWILERITH D, FAR TR LZL 512 Epox/ind @
indirubin B Z EHAEL A2 A9 5T oxirane FEDMKGIRERITHIENFEETH D Z &2
RIEEN TS, LU EDZ L BEE 1T indirubin 37558235 R HUEEA O 7= seed {L:
EMThHDHLEEZ TS, —J T, indirubin (XD CEERMEDOEVEE TH D Z &0 b,
REEPEDBRERIZARN & WD BER B H, FERIIC, B2 D HIfREEIEE O M k& KREMED
SENER SN D 2 & EMIFET 5,
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Table 1

axX=0

b: X = N-OH

c: X=N._ O/ﬁo

Substitution 1C5q values (uM)
R, R, R; R, Rg X=a X=b X=c

No-Substituted H H H H H >100 15 1.7
5-Br Br H H H H >100 6.9 0.62
6-Br H Br H H H >100 53 >100
7-Br H H Br H H >100 4.8 37
5'-Br H H H Br H >100 11 33
6'-Br H H H H Br >100 14 4.5
5,6-Br, Br Br H H H >100 4.4 1.9
5,7-Br, Br H Br H H no data 6.6 8.8
5,5'-Br, Br H H Br H >100 7.0 2.5
5,6'-Br, Br H H H Br >100 >100 >100
5',6-Br, H Br H Br H >100 3.7 >100
5'.7-Br, H H Br Br H >100 49 10
6,6'-Br, H Br H H Br >100 16 >100
6',7-Br, H H Br H H >100 17 >100
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Figure Legends

Figure 1. Chemical structures.

Figure 2. Profiles of Epox/5-Br-Ind (11) and Epox/Ind (6) metabolism in HepG2 cell lysates.
Compound 11 (solid line) or 6 (dotted line) (10 nmol) was incubated at 37 °C for 30 min
with the cell lysate of HepG2 cells and then treated with a mixture of EtOAc and MeOH
(10:1, [v/v]). An aliquot of the organic extract was subjected to HPLC analysis after
replacing the solvent with CH3CN. The separation column was a Capcell Pak C18 MG IlI
(250 mm x 4.6 mm, i.d.; Shiseido, Tokyo, Japan). Mobile phase, CH3CN:HO (containing
0.1% TFA [v/v]) = 8:2 (v/v); flow rate, 1.0 mL/min; column oven, 40 °C; detection
wavelength, 550 nm. Molecular weights of the compounds in the peaks were determined
by UPLC/MS.

Figure 3. Determination of apparent Michaelis constants of Epox/Ind (6) and Epox/5-Br-Ind (11)

with respect to epoxide hydrolase in HepG2 cell lysates, determined by Lineweaver-Burk
analysis.
The Epox/Ind derivatives (2.5-100 uM) were incubated at 37 °C for 5 min in the cell lysate
of HepG2 cells, and the amount of hydrolyzed product (10 and 12) was determined by
HPLC. The results of experiments with 6 and 11 are indicated by the symbols A and @,
respectively. Each point shows the mean = SEM (n = 3).

Table 1. Antiproliferative activity of brominated indirubin derivatives.
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