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ABSTRACT

The anti—cancer effect of

5-nitro-5 -hydroxy-indirubinoxime in breast cancer

MDA-MB-231 cells

Seong-Min Kwon
Advisor : Prof. Sang—-Gun Ahn, Ph.D.
Department of Dental Bioengineering,

Graduate School of Chosun University

Purpose: The  novel indirubin derivatives 5-nitro-5-hydroxy—
indirubinoxime (5-OH-NIO) was designed and tested for antitumor
activity both in vitro and in vivo using breast cancer cell lines,
MDA-MB-231 cells.

METHODS: Cell viability was examined by MTT assay. To examine
apoptotic cell death, Annexin V/PI staining for flow cytometry and
Western blot analysis and DAPI staining were performed. Necrotic cell
death was determined by leakage of lactate dehydrogenase (LDH),
HMGBI, and PI staining in 5-OH-NIO-treated MDA-MB-231 cells.
Six-week-old male nude mice were inoculated s.c. on the right flank with

MDA-MB-231 cells. Indirubin derivatives were directly injected into the



tumor every other day. Animals were monitored daily and tumor volume
was measured by caliper.

Results: Indirubin derivatives showed potent antiproliferative activity on
various human cancer cells. 5-OH-NIO inhibited cells proliferation in a
dose dependent manner. The ratio of annexin V-positive cells and cleaved
caspase-3/7 was increased by 5-OH-NIO treatment in MDA-MB-231
cells, suggesting that 5-OH-NIO induced cell death in MDA-MB-231 cells
may be owing to apoptosis. In addition, LDH secretion and PI staining
were detected in MDA-MB-231 cells treated with 5-OH-NIO, showing
that 5-OH-NIO also induced necrotic cell death in the MDA-MB-231
cells. The inhibitory effect of 5-OH-NIO on tumor growth was confirmed
by in vivo tumor xenograft model. 5-OH-NIO induced significant
inhibition of tumor growth in nude mice bearing MDA-MB-231-induced
tumors.

Conclusions: These data showed that novel indirubin derivatives
5-OH-NIO arrested the tumor growth by inhibiting cell proliferation and
inducing apoptosis and necrosis. These findings provide the potential value

of indirubin derivatives as novel candidates for antitumor agents.
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1) As 2 &4

5-OH-NIO+= oY A(F)ol A Hdste] Aol Abgetdth U A+
phospho—-cdc2 (Tyr 161), Cyclin B, HMGB1 (Cell signaling, Danvers, MA)
7}, Cytochrome c, pro-caspase 3, pro—caspase 7, Cleaved caspase 9, Poly

(ADP-ribose) polymerase (PARP)®} Actin (Santa Cruz Biotechnology, CA,
USA)S A3

2) Al uf g

Absl R Al XS] MDA-MB-231 A3+ 10 % fetal bovine serum, 1
x MEM non-essential amino acid, 100 U/ml penicillin®} 100 ug/ml
streptomycin®] ¥3FE RPMI 1640914 37 C, 5 % CO.9l x5l At uf

Fat .

3) MTT 2384

MTT (3-4,5-Dimerhylthiazol-2-yl)-2 5-diphenyltetrazolium bromide) A]<F
2 HF F% 5 mg/ml7} HEE PBSo =< & "WS Asta 4 Col B3t
&9tk MDA-MB-231 A3 ASate] 12 well Hlg Ao 1x10°70% #5

sto] Wi %, 5-OH-NIOE A Zlskaith 48 Az &, MTT &9l& *esto]
37 TCelAd 3 AZFEtb W

olo

AMAE AE afgds AAR F

acid-isopropanol (0.04 mol/L HCL in isopropanol)®| dark blue crystals<



&) Al A Microplate Autoreader ELISAEZS A}g3}o] 570 nme] oA &
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4) Flow cytometryZ o] &3 A XF7] 4

MDA-MB-231 A¥E 60 mm S FHA el 1x10°/mL Ao AZEF7t 5%

2 B & 5-0H-NIOS »5dHZ 48 Al7F ToF syl A ES wol
70 % oL mA3I] PI (50 pg/mL)E A2 & Cell Lab Quanta™ SC

flow cytometer (Beckman Coulter Inc, Miami, FL)& ©¢]-&3}o] =43} t}.

5) Flow cytometryE ©] &3 A EXAIE £

MDA-MB-231 Al¥e¢] 5-OH-NIOE sR=¥& A3t 48 A7k Mg +,
MEE djgFd 3 g4 Ho} Alexa Fluor 488 Annexin V ¢} propidium
iodide (Vybrant Apoptosis Assay Kkit, Molecular Probes)® 94 3 Cell
Lab Quanta™ SC flow cytometer (Beckman Coulter Inc, Miami, FL)& o]

S8t S74gsk3d

6) DAPI &4

MDA-MB-231 A ¥Z chamber slide®] 1x10°7)/welldl]l #AF3le] wjeF =

5-OH-NIOE s:=8= 4843 B¢k Assit. AEs PBSZ AlHsta 4
% paraformaldehydecll 317 3g ¥ DAPI solution (2 pg/ml)< 15 & < W
SA 713 Axiovert S 100 ¥3& w74 (Carl Zeiss, Inc., USA)o.2 21353
ot



7) Western blot &4

Lysis buffer (1 % Triton X-100, 150 mM NaCl, 5 mM EDTA¢®}
protease inhibitors)E& AF-&3ste] @M A& FZFsto] J&F & 20-50 pgd @
WS 75-12 % SDS-PAGE gel& AFg3ste] 7|95 3k, PVDF
membrane®] transfer 3}ATh 5 % skim milkel] 2A]7F &<t Blocking sl
A askA] (1:1000)= overnighto & 4 CToll A wkAZth. TBST buffer® A
2 &, AzolA 1 AZEEE olxF FA (1:5000)9F WHEAIFH T HEAH SR

WEST

N

OL PLUS reagentE A}Fg3to] LAS-1000 (Fuji film, Japan)o 2 t

uz

[J 1

8) Xenograft model

BALB/c nude miced] MDA-MB-231 A% 5x10°70/miceE 9 2% A
) sto] FAS EFo] FAHAS W, 5-OH-NIOZ 10, 20, 40 mg/kg=
o] o]Eof & WA FALste] 4 F ot

=8

o\

F 27 R BRAE 439

9) A5 4

BE EAEA BAL Microsoft ExcelS AF83st9th zZhzF AlZo] ojsk

t-testE AF-&3te] F9Ad AAS s AF p-value <0.05, 0.01, 0.001= &4
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1) 5-OH-NIO7} MDA-MB-231 A X Z4 4 ux& 43

5-OH-NIO7} MDA-MB-231 A% Z4<& dAst=# 2357 93

L ESY

MTT A38E& AldstAtt. MDA-MB-231 A3 5-OH-NIO 1, 2.5, 5, 10,

A\
2
r

G A3, 5-OH-NIOE A &gt

20 uM= 24, 48A1%F A &, FHEALEE
=

)
T3 s e W s 9 A 9Ey

MDA-MB-231 A3z A tf

o
ut

!

dAs AE FHS Adfstes AS & At (Fig. 1A). T3 7]&9] =2

gAaHeE UM Aor L4z ey FHl FEA 2 indirubin-3-monoxime
BT} 5-OH-NIO7} MDA-MB-231 A% Z2< 48 AlglelA o 74 oz

A etth (Fig. 1B).
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Figure 1. The effect of 5-OH-NIO on cell proliferation of
MDA-MB-231 cells.

(A) MDA-MB-231 cells were incubated with 1, 2.5, 5, 10, 20 uM of
5-OH-NIO for 24, 48 h. The graph represents the relative number of cells
from three separated experiments. * p < 0.05, *x p < 0.01, *xx p < 0.001
statistically  significant when compared with the control. (B)
MDA-MB-231 cells were incubated with 1, 25, 5, 10, 20 uM of
indirubin-3-monoxime or 5-OH-NIO for 48 h. Cell proliferation was

analyzed by MTT assay.
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2) 5-OH-NIO7} MDA-MB-231 AIXF 7] v x= 43

5-OH-NIOZ7} MDA-MB-231 AX¢] AZxF7]5 JAlst=A &<18t7] 9
3 MDA-MB-231 Aol 5-OH-NIO 1, 2.5, 5 uM= 48 A7+ 2|3l wj <t
3to],  flow cytometryES ©o]&3] AEFVIES  FASIAY. AE A
5-OH-NIO 48 A|zF AHzldolA txzazt vusy S o
ojEH 0w MDA-MB-231 A*Ee] G2/M717F 4 9& Ast3dtt (Fig. 2A,
B). AlExF7] =4 <1xtel o8 CDK, cycline % phospho-cdc2 (Tyr 161)
(CDK1), Cyclin B7F G2/M7] 4o #olats Aow dejA] vk (3, 4).
k4] MDA-MB-231 Ao A 5-OH-NIO9| 2] 3t phospho-cdc2 (Tyr 161),
Cyclin Bl 93& v A= g<2l3st7] ¢13 5-OH-NIOE 1, 25 5 uM §%
H Ae] ¥ western blot A4S G838t phospho-cde2 (Tyr 161),
Cyclin B A& o]&3to] did dS gRlst Ay v oFEHo=Z
phospho—cdc2 (Tyr 161)¢} Cyclin B9 @A =7l ZA2ES el
(Fig. 3). o AxnE &3 MDA-MB-231 AXeA 5-OH-NIO7}
phospho-cdc2 (Tyr 161)¢} Cyclin Be @3S ZAaAZoZHA G2/M7] A

45 E Aol SAH Y,
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Figure 2. Cell cycle analysis by flow cytometry.

(A) MDA-MB-231 cells cycle arrest induced by 5-OH-NIO (1, 2.5, 5 uM)
was measured by flow cytometry. (B) The graph represents the relative
number of cells from three separated experiments. * p < 0.05, *x p <

0.01, statistically significant when compared with the control.
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Figure 3. G2/M phase cell cycle regulators expression in
MDA-MB-231 cells.
MDA-MB-231 cells were treated with 1, 2.5, 5 uM of 5-OH-NIO for 48

h. Western blot analysis of phospho-cdc2 (Tyrl61), Cyclin B and Actin.
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3) 5-OH-NIO7} MDA-MB-231 AlXZA}dd) v x= 43

MDA-MB-231 A4 5-OH-NIOZ7} MEAES]  FggFS v X =H
Annexin V/PI 943 DAPI 945 &3l &1ttt MDA-MB-231 Al 39
5-OH-NIO 1, 25, 5 uME 48 AlzF A sle] wjFstd . Annexin V/PI &
WS F MEAE gl Agd A 5-OH-NIOE A2 s+ MDA-MB-231 A
Eoll A AEANEe] FlE St (Fig. 4A, B). DAPI €4 AFoA %
5-OH-NIOZ A3t oA A ME apoptotic bodyE EF3n4S Eaf &
AgowA AZAES T = AAY (Fig. 4C). SolstA As=d 1 1
< AEAbde] HEEHJTE T o
5-OH-NIO®l &) Y= AxAde]l od Az 428 S8
MDA-MB-231 Aol 43S W X=4] western blot #4]& &3 A

th. 5-OH-NIO®l 9%k AlxAE  #d oldo]l Wsts AR 23

M<s A doA LFerRt

Hir

5-OH-NIO #g] A] A EZAE cytochrom c’} %% 1l caspase 3/7/97F &4
3} WA PARPY cleavege’} 5 5= Aol #&ZHUY. =, 5-OH-NIO7}F

MEZEgol ofEA AEAME Ve Fa AEY F4S AAsE Aowm

o

el (Fig. 5). o] 232 ntgtoz MDA-MB-231 Al Zo A 5-OH-NIO

o ol& WAA f A= (intrinsic apoptotic pathway)E E3f A XEAFE o]

ALY

@) o > =]
TEES ddsh
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C Con

2.5 uM

Figure 4. Apoptosis analysis of 5-OH-NIO treated cells by flow
cytometry and DAPI stain.

(A) MDA-MB-231 cells induced apotosis by 5-OH-NIO (1, 25, 5 uM)
was measured by Annexin V/PI staining. (B) The graph represents the
relative number of cells from three separated experiments. * p < 0.05, **
p < 001, =+ p < 0.001 statistically significant when compared with the
control. (C) The effect of 5-OH-NIO on apoptotic features in
MDA-MB-231 cells by DAPI staining. Apoptotic bodies were observed in
5-OH-NIO treated MDA-MB-231 cells for 48 h. Morphological patterns of
apoptosis in MDA-MB-231 cells exposed to 5-OH-NIO.
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. e | pro-caspase 3

SR s e | Dro-caspase 7
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i —)
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Figure 5. Apoptosis analysis of 5-OH-NIO treated cells by immuno

PARP

blot.
MDA-MB-231 cells were treated with 1, 2.5, 5 uM of 5-OH-NIO for 48
h. Western blot analysis of Cytochrome c, Cleaved caspase 9, pro—caspase

3/7, PARP and Actin.
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4) 5-OH-NIO7} MDA-MB-231 A E 3 A}e)] m 2= 43

A MDA-MB-231 A3 5-OH-NIOE AH#3d= w, Ax
THAL FE EA R JAHE AoE YRy, AFEAIEL Q3 A
oA =A UEbRT. olddl MEARS T UE FHQ AEIAT F R
4] LDH, western blot %#4], PI 922 &3 &<213}
& AEe] g AbEste] AFEAAM FEE=

<
T
I FE oEXHOR LDH o S/t A2 st (Fig. 6A). &

r
=
-
oo
T
C)‘T
@)
o
Z
@)
(i

|

3l 5-OH-NIOZ A7 3F MDA-MB-231 Al ¥ PIZ 9 % d3sn 4o
2 3#3 23 5-0H-NIO 5% o&H o2 PIY dME Az 271 &=

N

les gelstgtt (Fig. 6B). tt& o2 MDA-MB-231 A|3o] 5-OH-NIO

1, 25 5 uM= 48 Azt A elste] wiFsial, PI f44& &3 AxIAF &<l

f

ar
ol 5-OH-NIO A3t oM sk oEx oz A8 AEIAAE T

i

e

mlo

sttt (Fig. 7A, B). HMGB1> lgwd 2 v Afo] ofgh ME &

N
N
oo

0%

off Al Axd 2 AE 92 F&5+= Ao=E delA Stk (26, 27). Western
blotS F3 AEZIAF #A @Al HMGBl1e W3IE xAMSE A
5-OH-NIO %% °|&A oz MEd=E9 HMGBI f=5%H+= 3s g<lskAd

(Fig. 7C). &) A#ZE £33 MDA-MB-231 Al¥o|A 5-OH-NIO7} A ¥ALd

3} A ATINE FEFS S,
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Figure 6. Induction of necrosis by 5-OH-NIO in MDA-MB-231 cells
using LDH release and PI stain.

(A) MDA-MB-231 cells were treated with 1, 2.5 5 uM 5-OH-NIO, and
the release of LDH into culture medium was detected after 48 h of
treatment. Results are expressed as the means = SD; **x p < 0.001. (B)
Morphological features of necrosis were examined during 5-OH-NIO in
MDA-MB-231 cells. Cells were stained with PI (10 mM) for 10 min and

analyzed under a fluorescence microscope.

_21_



C_g n

3.8%

- 20.0%

Necrotic cells (%)

2.5 uM

50 - .

40 |

30 A

20 |

10 - -

L om I N

Con 1 25 5 (uM)

Con 25 5 (pM)

w— . === | HMGB1 (cytosol)

P—'—~ Actin (cytosol)

_22_



Figure 7. Necrosis analysis of 5-OH-NIO treated cells by PI stain
and immunoblot.

(A) MDA-MB-231 cells induced necrosis by 5-OH-NIO (1, 2.5 5 uM)
was measured by flow cytometry. (B) The graph represents the relative
number of cells from three separated experiments. * p < 0.05, *x p < 0.01
statistically significant when compared with the control. (C) Expression of
released HMGB1 by 5-OH-NIO. MDA-MB-231 cells were treated with
5-OH-NIO (1, 25, 5 uM) for 48 h. HMGBI1 expression in the cytosol

fraction was detected by western blot analysis.
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5) 5-OH-NIO7} MDA-MB-231 xenograft model®| Al &% A ] 7 X
= 3%

MDA-MB-231 M (294 5-OH-NIO®l| 9]t MxE F2 A g3}
vitrool A #2135} 2, 5-OH-NIO7} in vivodllA = FT¢F A 37 J+=H
BALB/c nude miceE ©| &3t xenograft aoA elstdet. A8 2Ax
¥ =717} 5-OH-NIOE A3 oA A3 Zasiar, ol & oF
Aoz yebgtt (Fig. 8A, B). 224, 5-OH-NIO Aol m& 577 W3}
2 ooE B8 #FHA Ut (Fig. 80). ¢ AxE 3 5-OH-NIO

o] T A &7} in vitro ¥ T olYE} in vivolNE FEHE Fdst

o
AA
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Figure 8. Antitumor effect of 5-OH-NIO in xenograft model.

(A) MDA-MB-231 cells (5x10° cells/mice) were injected s.c. into the right
flank of nude mice. 5-OH-NIO (10, 20, 40 mg/kg) were i.p. injected into
the tumor every other day. Serial tumor volumes were measured by
caliper and calculated using the formula V = (ab®) / 2, in which a is the
largest diameter and b is the shortest diameter of the tumor. Columns,
mean; bars, SD. (B) Tumor bearing mice. (C) Body weight was obtained

on day 27.
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A CDK AAAE ol §8 ek Aol et A7} gol AQgHw I

U9 §24, 5NIOSE Agate] 77
AT FAE AsRPoY (25), e §HEA GHOE vhebh ol
BTN, 5NI0S wHE Rgd e AgFd fEAQ

5-OH-NIOE AF&-3to] 3¢ MDA-MB-231 A3zl A 9] Az g3 A=

N

7] oA 2 M EAMES in vitro®} in vivool A FAFSEHSA

5-OH-NIO AHgtellr]l % oFEA oz MDA-MB-231 A% F24 9

2

2 G2/M F7] =24& 28R, western blot A4S £33 G2/M A E
F7]e Byt wrula el phospho-cde? (Tyr 161), Cyclin B7F #H49S gl
sttt (Fig. 1-3). Subramaniam S #HA Y AXoA CDK4 AAAQ]
P2760] AXFAAA e YERI, GO/GL7Ie FAS g1ttt (28).

T3 Dickson 52 CDK2/4/65 A st= A A= <4 A Flavopiridol®] in

™
N
L‘

vitrool| A1 Al NS o AE AL, G1/S719 G2/M71E RS EFH 3t ®

AAel ¢ Zo #38S FAANAFE HAYSFoRE LA Yot o8 v}
A @Qlo] MEAH] AR vk A A EAF =8A (death receptor)”} =
o]l 9F 8¢l AR (extrinsic apoptotic pathway)et R EZ = glo} o] &7

¢l WAl 1f 7ZZ (intrinsic apoptotic pathway)e] F 7}A] #HA US| <
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3 apoptosis’} F-=" 4 Qth H- 89 HE+E= FE Fas ligand 5 tumor
necrosis factor Al zt=7t MxEZ FHO MEAL FE&A A
Fas-associated death domain (FADD) @3 5 AA7] WA 7 {3}
caspase 8% SASAIA MEAE S Feit (30, 31). 53], WAA 2 74
2= 7 x4 A¥EAE %= @ EQl caspase?] FAI3Iel A X F R 9
cytochrome ¢ &9 93] =dHAt (32, 33). °o] &, AXY T8 TGzl
caspase 37} @A 3tE W cleavege HEIZ daP oz A HGHoZ AEAE

g Folal 2482 B (32 34). o]de] Mol A Cartee 5 CDK oA

il

Ael flavopiridole] =4 WEW A E< U937 A|EA Hae HARE

Ir

Za MIAES §55E AL ®Bud9drt (35). ¥hH, Subramaniam 5
CDK4 A Al P276°] <&l Baxe &7Fe} Bel-29 #ZAES H 1L, caspase
39 48 S8 WAY 1 BEE S AxAEC FEEES skt
(28). CDK AAI o] FF7ol Wt & T/ 7S &3 AEAPEC] F=
HAR, 2 Al AR Y FRl =4 5-OH-NIOZ7F MDA-MB-231
Az APES Fedths

4), western blot= &3 5-OH-NIO®| 2o]3t M ¥AE] #FHE i do] w

rr

il
2
o
ol
ol
ot
o,
ol
ol
NI
=
=
0Q

AS Annexin V/PI &M

Jo

32 2AFSE A3, 5-OH-NIO A2 Al AMEZAZ9 cytochrom ¢ f5©
¥ a1 caspase’} ZAI3} H WAl PARPO cleavege’} YEIUE AL F92ldle]
WA A i BERE T AEAE fEREHS st (Fig. 5). o9
A AFgHE 5-NIO 9A] caspase 39 A4S 3 A% 17 ZEE
3 AlxAbEo] FEEs glst Attt (25).

AZHAE HZoE 52 22 ade o dojd = Qi Apa o]
WA WA ZRafstd AZaabe dig A7 Ay H L vt ol H gk Al
I ALYl Aol AME HrolA FEol FUE O EZHA plasma membrane)

g3 7F dojdrh (20, 21). AHH o2 AMEolA LDHe 22 347t /&
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el
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>
N,
olr
mlo
u]o

24 HMGB19 #47F dojdtt. HMGB1S A

L M
2l
uly
e

AEOIA wH L, o
o5kt AE A ol Al el HMGBLe] $5& PARP @4e] 2

SHESS stk (26, 27). E Ao A,

woa o] EAes guA Aol

rJ

gk #gola, HMGB19 #F&&

juiss

5-OH-NIO7} M EZHAES - %3s++=# LDH, HMGBl %3 PI 94& £3)
gol A3, 5-OH-NIO A2l MDA-MB-231 Al ZoA % oJ&H o=z Pl

ules
>

NE MEe Frh Fkete AS AU (Fig. 6B).  HE3
MBA-MB-231 A ZolA 5-OH-NIO°| <o]a MEzute] 137} dojdozy
LDH T7tF Alxd 29 HMGB1 f&< #s9t (Fig. 7C). o8 s 2z}

1

= 5-OH-NIO7} MXHA 255 F3 MDA-MB-231 MEALE fFEshe

AL Yekdth o] A3 S 53 MDA-MB-231 A2l 5-OH-NIO| ¢
dojub= Al EANE AF e 5-0H-NIOS AH2stS we A EAE 23
EEe 5-OH-NIOE Aestds we AZAEZ A

EH AL B oo M AEA FEHS FAa.

(-~

AEAT 5

K

In vitrool Al 5-OH-NIO7} Al F4& At AEALS Fiestes A
213t 1L, in vivo xenograft modeldl A= T3t A3V U =% &2l
A3 5-OH-NIOZ} in vitro®} Z°] in vivooll A% HL3 AxS selstgdch
(Fig. 8A, B). T3k F5%A W37k glo] 7280 s &
8C), in vitro¢} in vivo 23d AyE T3 5-OH-NIO7} A =2 F9Hd A=
AzmA e 7hede AAstaL vt o] d e Karol A Hde AlE<Q] PANC-1
AEE o] &3t xenograft modeldl A= CDK4 <A ARl P276°] 23t T4
A ZIE skt (28).

AExog H AFE Fd 5-OH-NIO7}F %<4 MDA-MB-231 MX <
S oAk, AEF7] T G/M7I7F FAHEE As Fdstdnh =3 7

EFZc=gol o&EH AsE Hi AFAIES FE39 3, 5-OH-NIO7} Al
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