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Indirubin Derivatives induces Apoptosis in Oral
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ABSTRACT

Indirunin Derivatives induces Apoptosis in Oral Squamous

Carcinoma KB Cells

Chon Young Chan
Advisor @ Prof. Jung—-Hoon Yoon, DDS, PhD

Department of Dental Engineering, Graduate School of Chosun University

Indirubin is the active ingredient of a traditional Chinese herbal
medicine, Danggui Longhui Wan, used for the treatment of chronic
myelocytic leukemia. The author reports that novel indirubin derivative,
5’ -nitro-indirubinoxime (5'-NIO), has potent anti-proliferative activity on
human oral cancer cells. Treatment of KB cells with 5'-NIO showed a
strong cell growth inhibition during indicated time point. A typical
apoptosis  pattern was obtained with DNA  fragmentation and
immunofluorescence analysis of anneixn-v-flous. Western blot data

revealed that p53 and p21Z* "~

level increased strongly upon 5'-NIO
treatment. The author next tested whether 5'-NIO could activate apoptosis
related proteins such as caspase-3/-7/-9. In cells exposed to 5 -NIO,
activation of caspase-3 and -7 was observed. Interestingly, caspase-9 and
cytochrome c¢ could slightly activate in response to 5'-NIO. These results
indicate that 5'-NIO strongly induces oral cancer cells apoptosis v a
Mitochondria—mediated caspase cascade pathway. These observations

together suggest that 5'-NIO may have a possible therapeutic potential to

oral cancer.
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olt] F 1S pyridineol ¢ ¥ hydroxylamine hydrochloride (10 equiv.)<
A7 80-90C = ¥9& 71slW A magnetic stirring 2 L WHslo] = Ao},
HeHow

Sl FWAA AAGFGL EBEZ FAEHUT. Cyclohexane2 Al

3'-oximeS YFEo]lWH, Fig 1914 x4 indirubin 7% ¢ R-group< NO,, F,

AY TRl FEAE FA 6

NHCO'Bu® | 3ta}e] Q1] Fnl

NHCO'Bu

5'—nitro—indirubinoxime (011) 5 —fluoro-indirubinoxime (012) 5 -TrimethyWacetamino—
indirubinoxime (030)

Fig 1. Chemical structure of indirubin and its derivatives.

2. M v
AELGE KB AEE ATCC (Manassa, VA, USA)Z *E 793

- 11 O
100 units/ml

=)
o

T

¢ 3 5% bovine calf serum¥ 100 pg/ml streptomycin,



penicillin, 1 XMEM Non-Essential Amino Acid Solution®] ¥ &% Minimum
Essential Medium (MEM)ol A 37C, 5% CO, Z7alol A] wjokstadct.

5‘-nitro-indirubinoxime< KB A ¥ o] A3 A7t & wdZ A2

3. MTT &A

AYFH Al HE KB AlEe] AE&ES EAFe7] Adto]l 6-well

e
plated] 3 x 10° cells/well Al L& seeding 3l 12A17F & 10 pM<] <l t] &+
W fEAE AIPE R A st KB A¥E PBS® washing 33 MTT

7 S WA ol A 4A413F, 37 Coll 4 ¥l ¥3}aL, plate readerS o] -3 o] 492

4. Apoptosis & A

KB AXZE 10 uM9 QuF¥ FEAZ 24 T 484 7H5¢k Agsta

Annexin V-FLUOS staining kit (Roche Molecular Biochemicals,
Indianapolis, IN)S o] 839 Annexin V-FITC$ propidium iododide (PI)=
X289 Y. Apoptosis® AEZEL OXE JidErt AFd F33 dvlA
(Nikon Eclipse E800)°o. 2 #3514 t}h. Flow cytometry 42 Cell Quest
softwareE A}-g€3Fe] FACS Caliber flow cytometer (BD Biosciences,

Franklin Lakes, N])& =743} %

5. DNA Fragmentation Assay

6x10° KB Al X2 6-well culture plated] seeding & ¥ <lt]£Wl f=A (1
EE 5 ug/mDE 24 EE 48 A7 A stk 583 4°Col Al 1500 rpm o2
QAR FF] MEZS 7383 lysis buffer® €& A7l & phenol (pH 75 =

DNAZE F%3}% 1, aqueous supernatantE 2.5 volumed] ice—cold ethanold}



3M sodium acetate (pH 5.2)& 7}sle] 20°CollA HAA AT F %<9 DNA
0.5 mg/L ethidium bromide”’} X3% 18% agarose gelolA 7|53l

A9 sol A w259l

6. Western Blot Assay

KB AM¥E dYFH %4 5 5 -nitro-indirubinoxime® 24A] 7FH& <k A
g3 T PBSE F WA AF3Fal, RIPA buffer(1% Nonidet P-40, 0.5%
sodium deoxycholate, 1 mM PMSF, 1 pg/ml aprotinin, 1 mM sodium

orthovanadate’} ¥ 3% PBS)Z £33ttt Alx &3 ES 4TCoA 3083

wl kgt & 10,000Xg= 103+ A8 % th Immunoblotting ¢ o
2 (10ug/lane)2  12% SDS-Polyacrylaide gel AolAd  #A7|d% s,

anti-caspase 3/7 antibody (Cell Signaling Technology, Beverly, MA),
anti—cleaved caspase 3/7 antibody (Cell Signaling Technology), anti—p53,
anti-p213} anti-cytochrome ¢ antibody (Santa Cruz Biotechnology, Santa

CS)Z o] &3Fo] immunoblotting 3} % th.
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MTT assay® ol43tel ATl 42848 2489t 94 KB ALS

6-welll 3 x 10° cell/ml & seeding 3tx ¢UU]&E¥ F=AZ 10 UM 6,

S ®HYth 10 uM 5'-NIO (011D)E 6, 12, 24, 48712 A& A KB Axz+ 7}

7t 45%, 30%, 10%, 5% A== A E&o] A

120

—2—DMSO
—&— 011
— 100 —A—012
S —%—030
E M
5 e —
> N
O
> P
0 | | | |

T
control 6h 12h 24 h 480 (hn)

Fig 2. Effect of indirubin derivatives on KB cell proliferation.



g FHl §F A7) apoptosisE FFE=AE dolR 7] Y& Y FHl H
“AE KB AlZEo 24, 4843F A3 & FFdAngow #Fsiv. 1 4
B oA =FHY Ao FH FEAE AL AEY apoptosisE FEFAUTH T
Huy 2 F3do v 5-NIO 6 uM/mDE A2 39S W Annexinoll %4

S Ho]&= apoptosis® A X7} 71 el #EFAY (Fig 3).

con Indirubin 011 Indirubin 012 Indirubin 030

Fig 3. Annexin—-V-flours and PI double staining assays examined by

fluorescent microscope.

3. DNA fragmentation assay
Apoptosisf- =5 DNA fragmentation ¥2& S &35t} Fig 4014
HS5o] AoFHl f=A AZFA E5F 5 uM/ml A2 $& 244173 484 7ol

DNA fragmentations W 9H3stA & 4 AT
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Fig 4. Induction of DNA fragmentation by indirubin derivatives in KB

cells.

4. Western blot ¥4

o]Fel A¥A¥ 5-NIOZF th& Y FHl F=A o vla] ZHg kg
HzhEo] o] 3o AFP L 5'-NIOS o] &3t F3qst3tt old & A+
5-NIO7} o A ZolA AZzA <xtel ps3xp p21V e wrg e 27}
Al71aL Go/M phases  JAgho] ®IuEUTH 5-NIO7F AEF7] %
apoptosis ¥ @ @Mz "o w = gS Flstax KB AEES 6-well

ol 3 x 10° cell/ml & seeding 31 5 -NIOZ 1, 25, 5, 10, 20 utM< 24 A

b Aelgt ¥ western blots 339t 5'-NIO A 2% p537 p219 =g
o] % oEHor ZE71e9rt (Fig 5A). T EALE phl3e +o x|
UM 5'-NIO®| 9J& ZsiA #dEH £ Fhordes 2 Hdo] AAastAn

(Fig 5A). X3 A= AXF7] 9 apoptosis =4 wald o] A7k o
ke W3lE F2ANSEYE Y. 2 23 5'-NIO+= p213 p219 =4 A2 ps39
g o] ZFrhat ek, 538 p21“T's ps3e] MHE 6 AZF Wl FakA HE



o, 3041t & A s FdaHdd (Fig 5B).

A.
Indirubin 5’-NIO
0 1 25 5 10 20 (uM)
— pb3
anmapen el | 01 Waf1/Cip1
DU SERE | Actin
B.

Indirubin 5*-NIO (5 uM)

0 6 12 24 30 36 (hr)

T — p53

————— p21 Waf1/Cip1

- D D S - Actin

Fig 5. Effect of 5'-NIO on the expression of p2l and p53 proteins in KB

oral cancer cells.

A A= 5'-NIO7} apoptosisE &4 8} Al 7] @ A9l caspase-3/-7/-99] gt

AL FAEAT. 5'-NIO A &%, caspase-39t -7°¢] @43 HA,

caspase-9%=  °f3t &4 He o

e

& = Yy, Caspase-92

mitochondria®ll 4] cytochrome c¢& 2l3to] apoptosisge FEdt+ A=

(&2

HA 9ged, o] AFoAE 5'-NIO # g3 cytochrome ¢/} 5% &%

=

o

¢

2 Z718S B35l mitochondria "7/l A 22 %3] apoptosis?’} Yo

el stk (Fig 6).
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KB Indirubin 5°-NIO (24hr)

0 1 25 5 10 20 (UM

— -"—- —
- Cytochrome C

- Caspase~/
S Clcoved
Caspase—7

D W e Cagpase—3

Cleaved
Caspase-3

| ACH

Fig 6. Effect of 5'-NIO on the expression of caspase-3/7 and cytochrome

C in KB oral cancer cells.
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5-NIO AelF p53ah  p21" Vo] Frjstel,  5-NIOo] T4 AlE A
p537 p21" e 24 ge Belerg)

AR = TS Aol A 5'-NIO7F 341 apoptosise] 52 A EZALY
Fe s BRI £ 5-NIO A2 F p533 p21™ ' Po] Frjsle] ps3
oEAR AEE T G/M7IE AAAI7]3L mitochondria "7 A 2E  F 3l
apoptosis& =g 7Fs A o] VS g}kl &} $3 o, gty o =2
mitochondria-mediated cell death pathways® mitochondria® F-E] HHE o] %]
+ cytochrome c”} caspase cascade 74 S F3| caspase 9& A3 A| 7|1

20-22)

caspase 9& caspase 32 A3 Azt A EALS effect? AFQ] caspase
3+ 8439 caspase 7¥ 7 DNA <o #oldl+= Poly(ADP-Ribose)
Polymerase (PARP)E A&, o] Aol % 5-NIO A2l 7} apoptosis
= G Aol caspase-3/-7/-9= A3} AINEAE AFsAd. 2 A
5'-NIO A 8] % caspase-39} -79 435 A=A}, 2 A caspase-9
2 o7k F715FATh (data not shown). Caspase-92 & dA|o] o FLEd &=
apoptosis 77 ol 5| mitochondria®l A 2] ¥ & cytochrome col ]3] &4 s}
vt delA 9lo], 5'-NIOo| 93] f %% % apoptosisi= mitochondria vl 7}
BERE T dojEds &+ Addh

, o AFelAeE &Y dEx FdART '] gYd ot
245 eyl A8 AR JdYFR FE=AQl 5'-NIOY &3E 7
KB Al A A5ttt o delA 5-NIO7F p53 p21™ e} whul
B - #Hojsts Ade 7€ AT AR IAISHA T 5'-NIOZ p539]

i

d4dS F=8tal pb3e) down streame I A EF7] A Al

p21 e e frmabe] p21™ MY £ g 49 CDKO @4 o) Al5

rle

AoR FAAY, T3 pb3e A 3tE mitochondria® HE wE|A =
cytochrome c¢”} caspase cascade #7%-S &3 caspase 9& HEAIFA 7]

caspase 9 caspase 35 ZA3 Al7IW, A XA effect] A} caspase 3&



A 35lE  caspase 77 WA DNA FEo Tt
Polymerase (PARP)E % A3} apoptosiss 2T Ao

7).

Indirubin 5-NIO

p53 I
Mltu chondria
/ Cylo:hroma c

Caspase-3 [ |Caspesa-7 |

Fig 7. Schematics of 5'-NIO-induced effects upon

transduction pathways.
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