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ABSTRACT

Mechanisms of Cell Cycle Arrest by 5’ —nitro-indirubinoxime in

KB Oral Squamous Carcinoma Cells

Kim Jeong Seok
Advisor @ Prof. Sang-Gun Ahn, PhD

Department of Dental Engineering, Graduate School of Chosun University

5'-Nitro-Indirubinoxime (5'-NIO) is known to have anti-tumor effect
in human cancer cells. The author finds that low concentrations of 5'-NIO
irreversibly inhibits the proliferation of human KB oral squamous
carcinoma cells and induces the inhibition of G1/S phase regulatory
proteins. 5'-NIO-mediated G1/S specific cyclin-dependent kinases (CDKs)
are mediated by two different mechanisms. First, 5'-NIO inhibits CDK4
with affecting significantly cyclin D1/D3 and pl6™"**. Second, 5'-NIO
inhibits CDK2 by induction of the CDKs inhibitor, p21"*". 5'-NIO-induced
cell cycle arrest may induce apoptosis of human KB oral squamous
carcinoma cells through mitochondria-dependent activation of caspase
cascade. These observations together suggest that 5 -NIO may have a

possible therapeutic potential to oral cancer.
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o F4 F %2 (5-NIO)9 A

olt] 1S pyridineol ¢! %  hydroxylamine hydrochloride (10 equiv.)<
H7Fekar R0-90C= €S 7}8tH A magnetic stirring &2 F o] FA T}
Solvent: evaporation©. = A As 1 =2 FA39 ). Cyclohexaned A €l3]
07 3'-oximes TEJU ™, Fig. 114 A A indirubin 7+%¢ R-group<

NO2=Z x]%k3}o] 5'-nitro-indirubinoximes ¥4 3}

5'-nitro-inciubinosime
&E-NIO)

Fig. 1. Chemical structure of indirubin and 5'-nitro-indirubinoxime

(5'-NIO).
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KB Al ATCC (Manassa, VA)Z HE FYsAqx
5% bovine calf serum} 100 pg/ml streptomycin, 100 units/ml penicillin, 1
XMEM Non-Essential Amino Acid Solution®] *¥3%%¥ Minimum Essential

Medium (MEM)ellA  37C, 5% CO, =z7stel Ao wjgst At



5'-nitro-indirubinoxime= KB Al Xof A& A7+ 2 w=w 2 X835

3. MTT &A

5'-NIO°| dig KB AlXe AE&S ZAsH7] $13to] 6-well platee] 3 x
10° cells/well Al E seeding 32 12A17F & 1, 5, 10, 20 uMe] 5-NIOZ
AN RE Ae stk KB AXE PBS® washing 832 MTT7F 239 )
Ao A 4A1ZF, 37 CollA]l v ¢Fstal, plate readerg ©]83ke] 492 nmoll A
o] AEES AT

4. Flow Cytometry %4

AEZF7] APAo| A 5'-NIO] &35 FAtst7] 98] 6-well plateol 3
x 10° cells/well Al E£Z seeding 3}3L overnight & 5 uM< 5-NIOS 6, 24
23047k A st AlEE trypsinizationdto] harveststil 4TolA 10
w1t 70% ethanol®= Astvh. A H Al¥x= PBSE F W A8k 100
ug/ml RNase®} 7 wjokdt & 40 ug/ml propidium iodide (PI)= 30%¥7+
ALoA AAEATE. AEZF7] 242 Becton Dickinson Facstar flow
cytometer (FACS Calibur, Becton Dickinson, Mountain View, CA, USA)$}t

Becton Dickinson CELLQuest softwareZ ©]-& 35} %1

5. Western Blot Assay

5-NIOE AHzZlg & KB AEZE ice-cold PBSE FAlstAth AIEZLE 200
ul 2X SDS buffer® £33tz @z S 10% SDS-polyacrylamide gel® +
2] 3t i1 PVDF membrane®l transfer a1 th. 5% skin milk solution®]A] 2 A]
ZF blocking 3 ¥ membraned anti-cyclin D1/D3, p21“"VVel  CDK2/4/6,

p15™EE - 516™N A (Cell Signal technology), anti-p53, anti-Actin (Sigma),



anti-SAPK/JNK, anti-p38, anti-ERK, anti-phospho-ERK (Santa Cruz
Biotechnology, Santa Cruz, CA)%5 3} 2o Al 3A]3F w3}tk Membrane
L TTBS (20 mM Tris.HC], 8 g/1 NaCl, 0.1% Tween 20, pH 7.6)% 3¥H &
Al3Fa, horseradish peroxidase-conjugated secondary antibody (1:1000

dilution)o} &7 A2l A 1AIZE o]y wieFetdvt. Sld ddof el

ECL reagents (Bio-Rad)Z A}-& 3} tf.
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1. 7% KBAI X U3 5'-NIO% &%

TS AE Aol I 5-NIOS &= xAsl7] Y& MTT assayS
o] g3t Mo AELES ZAEIAT 1 A¥ 5-NIOE Al B Fx 9
EX o2 ZstA KB Axe] 44 Assts zlo] #AHAT (Fig 2). 1 1
M 5 -NIOE 6, 12 28] 24713k A2l Al KB A2 E 27} 40%, 50%, 80%
Aro AEFo] AasAUL 10 uM o] 5 -NIO g Al 6 AIF o] A

&0 0% #Faste As 1A

¢ 6hr

100 ® 12 hr

A 24 hr

80 m 48 hr
60
40
20

0 |

Con 1pM 10uM 20uM  40uM

Fig. 2. Effect of 5'-NIO on KB cell proliferation.
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wola Tt 5'-NIO®l s AMEF71 Go/M 719 #HAa9 F7HA o=
5'-NIO 3017 Agd AEWlA S 7] AAe A G 719 o

o= #HHAY (Fig 3). o5 A¥+= 5'-NIO7} KB Al GI/S 715 oA
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Fig. 3. Effect of 5'-NIO on cell cycle in KB cell.
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1 uM 5'-NIO°l| ¢jsf #atA wd=n, &

e

¥ p21“"e CDK2 ¥t} CDK4
o] wrdo] g FArl (Fig. 4B). Ed 5-NIOE CDK49 &4 =dAx
?l cyclin D1, cyclin D3¢ ©@uld 2d8 d A3 ZAaAFHY (Fig. 40). o=
A3z 5-NIOZF MEF7] z=daxel ps3d p21Pe] wd8S F7AA Al
EF7] @A CDK49 #dS o Asta, CDK49 Z=4dAAke cyclin

D1, cyclin D3& AsAIA AMEF71S dASE Aoz Holt)

A B Indirubin 5'-NIO
Indirubin 5'-NIO

1 2 10 20 (uM
0 1 25 5 10 20 (uM) 0 5 5 (um)

‘—-——.-—- ‘ p15 INK 48 R OK2
‘ © — A — ---‘ p16 INK 4A

— A R — CDK4
‘ D e ‘ p21 Wal1/Cip1

. | Actin
‘ — . — ‘ p53

\_—‘ Actin

Indirubin 5 -NIO

0 1 25 5 10 20 (uM)

_—— Cyclin D1

A . — ——— CycIin D3

. | Actin

Fig. 4. Alterations of Gi/S cell cycle regulatory protein expression by
5'-NIO. Protein levels of (A) CDK inhibitors (p53, p21<"", p15™"*" and
pl6™Y (B) CDKs (CDK2, CDK4) and (C) CDK4/6 regulators (cyclin DI,

cyclin D3) detected by Western blot.



5-NIOE CDK4/69] z42lzel p15™ e
, pl6™KiAeL o1l g a3 p21Me] 2 A9 R}9l p53e] WEe] F
hetgie 59 p21a ps3sl wAE 6 AR Wel A wEsEe, 3047
F A o2 F2EdY (Fig 5A). $U S A% Fig 4BolA 2§29
5'-NIO7} 24A17ke]l CDK2¢] w#o] Q@& 54 e kAw, Fig 5BelA 244
A el CDKzel #d s ofAshs A= Balh o= 5 -NIOZE AlZ el A

BolFx 9t o g A

5 -NIOZ} Al EF7] 24 QA1 p537 p217e] BEE F&=, A3t JEA o

Agatd 9ol FERTE Ao Fade

F7HA71W, AEF7] 24 x¢l CDK49t CDK29 & oA 2 CDK49

240 A9l cyclin D1, cyclin D3& AAIA Gi/S 719 AMEF7IE A=

Ao Bt
A N B iibin &
Indirubin 5 -NIO (5 uM) Indirubin 5 -NIO (5 uM)
0 6 12 24 30 36 (hr) 0 6 12 24 30 36 (hr)
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‘ o N - ‘ p16 INK 4A
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Fig. 5. Alterations of Gi/S cell cycle regulatory protein expression by

5'-NIO. Protein levels of (A) CDK inhibitors (p53, p21“", p15"%*® and
pl6™A ) (B) CDKs (CDK2, CDK4) and (C) CDK4/6 regulators (cyclin

D1, cyclin D3) detected by Western blot.

4. MAPKs® &4 A& 5-NIO9 =&

5'-NIO7} MAPK pathways =4 4 Jd=xE& Ao, 1 43
SAPK/JNK 5-NIO Ao ad 2 A dgFs o4 Fgron
p38-MAPK okzh wr@do] 718l g A%k p38-MAPKE @A ol TS F
A 9k9kti(data not shown). L2} 5'-NIO7} ERK®] 2143l E A 7F o] &4
o7 FVIANFOEZA ERKS €485 7S Zelstdo (Fig. 6). ol &
A3% %3] 5-NIO7} ERK®| #4< frx, ps37h p21™ M vty g 2714

CDKsE AJAANH o =A T4 AxY AEF7IE Soldow AT

Indirubin 5 -NIO (5 pM)

0 6 12 24 ()
= emp amm oS SAPK/JNK

— e — p38

- = - - ERK1/2

Phospho-
— e G ERK

e e . — Actin

Fig 6. ERK activation by 5'-NIO.
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T Ao o5 AEFV] 2V #ojsts FHA 2 @A Ao
2 gadgan?. a4 AEFes EHo= dE 3¢ F¥EL CDK
kinase &4 A3, cyclin-CDK %28 A3, ubiquiting ©]&3 cycling
proteolysis Zdo| A& w3z 9
HITo HABAZ FHS H e JAYUFNLS T oA v =54
A8 ¥ Danggui Longhui Wan®] & AEo=® o ay}
b 95E oy dgEE SEASo Rumm gl o5 FEAS
cyclin-dependent kinase (CDK)l/cyclin B, CDK2/cyclin A, CDK2/cyclin E,
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of AtellAl vbE sl 5-NIOZE 7I€9] dvsnl 28 2 fEAd
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Bt (Fig.7). A4, 5 uM 5 -NIO
£ KB AlxolA 24 A7k Cyclin D13 D3E @A 3] #4aA 72 CDK4<]

W CDK4/69) 5012 A1l pl6 INK4AS] wd
= AR R gEA R mEA SAA G/S V1S 2dse AleR A7
H. 4, 5'-NIO7} p53¢] &4 & F =33l pb3e] down stream? T T &
BAH CDKs AsA p21™ e wde Wz fmshe] p21" e

F 49 CDK29 W@ JdAPS B@atqrh ofE =¥ CDK4Y #4L
A s Ao FHA

Indirubin 5’-NIO

P16INK4A @

ey
w

Cell cycle arrest

-

FIG. 7. Schematics of 5'-NIO-induced effects upon G1/S cell cycle and

apoptosis signal transduction pathways.



olzl gk AFE %3] CDK4/6S Sold A A ple" e} p53 o= A=
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A= dA FAY AEAA 5 -NIO7F mitochondria—mediated pathways

o9
L

= ol A ZAE TETS A s At dnkr oz
=
=14

mitochondria-mediated cell death pathwaysT® mitochondria® $ & "5 o]

A
+ cytochrome c7} caspase cascade ¥4 S 53l caspase 9= A 3HA]7] L

caspase 9 caspase 35 @43} AN g EAe Al caspase 3
= ZA43¥ caspase 7¥ 7 DNA o ojdtE Poly(ADP-Ribose)

.

Polymerase (PARP)Z A gt} o]E A EAF 7] Ao 5'-NIO9] E3}= A+

rr

Folu o5 5-NIO®| tlgt 24T 2§74l ha FAH A7

A FAG AR S8F 7 de AR AlREH
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