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ABSTRACT

Gene expression profiling in the KB oral
squamous cell carcinoma cells treated

with 5'—nitro—indirubinoxime

Kim, Sik
Advisor : Prof. Su-gwan Kim, DDS, PhD
Department of Dentistry,

Graduate School of Chosun University

A  novel indirubin analog, 5 -nitro-indirubinoxime inhibits cell
proliferation and induces apoptosis against various human cancer cells. In
this study, the author performed the microarray analysis to identify genes
differentially expressed in the KB oral squamous carcinoma cells after
treated with 5'-nitro-indirubinoxime. Among the 10,800 genes analyzed,
1,701 genes (15.8%) showed statistically different expression level in the
5’~nitro—indjrubinoxime treated cells with respect to untreated control
cells. Among those, 263 genes (155%) were down-regulated and 220
genes (129%) were up-regulated more than _2—fold. Functionally related
géne clusters include genes associated with signal transduction (18.1%),

especially genes related with apoptosis (3.5%) and cell cycle regulation
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(5.8%). Our application of microarray analysis on 5’ -nitro-indirubinoxime
treated oral cancer cells allows the identification of candidate genes for

providing novel insights into the indirubin mediated antitumor activity.



IndirubinZ WHd 274 WEH (chronic myelocytic leukemia)®] =] .
Ab25E= Danggui Longhui Wan ol8lte <kxel +A AlEolt} kl).
Indirubin® tt4d Felo] AFFY AR AEPe wW 44T FF oA

ol FAHEe e (23). A2 AFAA 54 indirubinel ThFF
T TG N5 A Lol Medte AMS Easta o 4-7).

Indirubin® I FXAEL cyclin-dependent kinases (CDKs)¢] &4& A
= AEe dAAeltt. CDKse cycling 7 AEF7] Ao F23
g3l B3], AEF7S EHo2 e Y EHREL F2 CDKs

< FHIT AFAA &E& CDKE A

So] HuHJEY o] GFEEL FE AEFIVIZS AXAI|IL apoptosisE
=3to e dME AL JA Y. Indirubine CDKS ATP-binding ¥
el ATPS AAZHo=zm AFFozx AEFHS JAT  (459).
Indirubin®] “FAg 2L 7o) o}F ¥aA YA FAR o4} T A
TAHREZ RH indirubing AME F2 JA a7= AXFI] A E A3
oz dojdttn AZEm v} Indirubin FEHN7F AEFIE G2/M7
AqA AAADLEZN HGAMEY] FAE dATgTE Birt YATE). GE
F9¢ indirubin FEAES FELTH AEA dAXANA FEAE] BESH
T T8 4Te v ¢HEA statdE AT (6). E=F indirubin-3'-
monoximeS p27°Ple A3} A 7)1 c-Jun NHz-terminal kinase (JNK)¢] &
A& A8t apoptosisdl F&I GTFE FYse Aoz d#A U

(10-12

2
ol

18
et
to ¢
4

Lo

24¢ JAFe=A 1 A%

o
=~

FAR AP A EYZE (Head and neck squamous cell carcinoma, HNSCC)

& AAFAA g MAR EF goz v g 44,0008 22L&
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B AddolA] ZAHE3 okAZe Fg a9 EFL 2] 9] R
indirubin S =42l 5-nitro-indirubinoxime & ¥A3te] 1 F5L thorst <+

MEANA ZEJ3AT (B). Wby o] dAFo| A= 5'-nitro-indirubinoximeS

77 AHFMELE KB Axed AHEg F microarrays +4-& F3 FHA
w3 MEts EAFoEN A AExY AFgA #EE FAxe T+
e A5E AT AR FAS FuA S FHA E@ ZolE B
AEAHQ] FHAAEL RT-PCR #H< &3 stgrt. o 49 Ads

M2 indirubin FE=A¢! 5-nitro-indirubinoxime?] & 7|A-& ol T B
ofuzt <4 A X8, EXE A3 A2 xHS A7) A% T3

ARE ATE F A& Aot



I As 32 P

1. Al Zv) F3} oA A A

At F73 AFAELGEQD KB AEE ATCC (Manassa, VA)ZRE ¢
391 5% bovine calf serum™ 100 pg/ml streptomycin, -100 units/ml
penicillin, 1 XMEM Non-Essential Amino Acid Solution®] Z3% % Minimum
Essential Medium(MEM)ol| A 37C, 5% CO2¢] Z7dtd At wj gt
RNA £2& f3Ae AXE 10 M ¢ 5'-nitro-indirubinoxime 2. 2 244]3t
&<t A3

2. Total RNA®| ¥

Microarray %24< 8] total RNAS TRIzol® Al (nvitrogen,
Carlsbad, CA)& o]&3to] 23ttt RNAS el denaturing agarose
geld| A A719%53aL ethidium bromide® @43t o 2 A 13 3c)

3. Microarray 4]
T7
<€ A% F microarray 24 F333h. mRNAS FE 3 labeling,

HA EEel KB AEZ9 indirubin XA ¢! 5 -nitro-indirubinoxime

r'l

array hybridization, chemiluminescence detection, image 3¥53 F42

Applied Biosystems Chemiluminescent RT-IVT Labeling Kit, Applied
Biosystems Chemiluminescence Detection Kit®} Applied Biosystems 1700
Chemiluminescent Microarray Analyzer (Applied Biosystems, Foster City,
CAE °]&3te] F33tAt.

o|& 7+ 9.9k3bH, RT-IVT Labeling KitE ©]83}o] total RNA 1 ug
° 2 BE digoxigenin-11-UTPZ labeling3t cRNAE £t} ZF microarray
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= blocking reagent’} ¥3t® hybridization buffer® 55TCel|A 1A1HE<L
pre-hybridization A]Zth. Labeling® cRNA 16 pg& pre-hybridization ¥
microarray 2} 55°C A 16A17+% <t hybridization A1Zth. Hybridization %
array= hybridization wash buffer$} chemiluminescence rinse buffer® A&
3}51 anti-dioxygenin-alkaline phosphatase®} chemiluminescence 7]&do] 3
7}8 chemiluminescenece enhancing solution®ll microarrair%— incubation g2
24 chemiliminescent signale &AAIZTH Zb signal®d] FEE  Applied
Biosystems 1700 Chemiluminescent Microarray Analyzerg A}-8-3he] Q12}3}

At

4. RT-PCR &4

AR B Wes #<18l7] $8to] semi-quantitative RT-PCR %<
F85t9ith, Total RNAYE TRIzol® A1k (Invitrogen, Carlsbad, CA)& AH&-
o] B39 RT-PCRE SuperScript” One-Step RT-PCR System
(Invitrogen, Carlsbad, CA)& °¢]-&3] 33tttk RT-PCRo| Al&3 53
primer set Table 1°] tetyt glew RT-PCRS o5 ZstolA A3
ST F-AL S-S A E 50ToA 308, WA WEoz 94T A 28

oA 30%, FEWSE 72T A 3027 30 F715 w83 T opx 23k
Lo& 72CA 1087 d%3dte W& A A} Caspase 7% GAPDHE 255
718 d-E35t4th RT-PCR 9% A28 15% agarose gelolA] A7]gd%E3tar

5. g B4

Raw data® ¥A4317] 934 Applied Biosystems Expression System



softwareE A8t th. Signal valuet Microsoft Excel (Microsoft)2 H Ui
Avadis software (http:/avadis.strandgenomics.com)& #4931t} Hypothesis
value® Z} FAA et arrayol Al A4l Fold Changed Hulat (& HA
Zhoz A AA minimum p-Value (0.06)2 744 $ANE EAH0S &

oapl the B8 AEE Bl fAAE Foshdr,



1. Microarray &4 2%

Indirubin %A1 5'-nitro-indirubinoxime 2.2 A 2§ +73F HAAEZAF
A KB MEoA FTF LA AR dBd A BHE 2AE7] 93t
o ¢DNA microarray £4& F33gth. 2438 10800719 AR FolA
1,70170 9] #A=H15.8%)7} 5 -nitro-indirubinoxime .2 &3 KB A E oA
AestA] @2 dxzad vls] FANoE Fo3 ¥dE WIE AT 1,701
Mol FAA FollA 813709 FHAH478%)= wZRtol] vls] wdo] F713t
AL 888 FHA (522%)= wHEo] FAsATH I F 108 ol 2H A
o] Hole FHXES Table 2 ¢ 3¢ YA

AZ Holl e 75 uet BA 2o]E Hole FAAES TFE3
g ofAlb (18.12%), #|AF oiAb (17.38%), AXE &g (1549%), WIS
(6.95%)# MEF7] 24 BII%) #AteE FAAESEC] dFEE AAAG
(Table 4). 81370¢] Z&o] F7td FdA FoA 283709 3= (16.18%)=
el oiabel A diale] #BEte wlFdS wEOUE 3z Eolth
EE M41I7Re FAA B06%)E AXE A dEHAd #Ase @id 99

Mo FAA (566%)= ME L, 4679 FAX (263%)= AEXTF7] Z2F,
A FAR @51%)E DGRl Bl wHAS VE UL FAR
o). 888l el ol ZaE AAAE FAA A FAA 1949 &

%)= AME s A

2
o
_|...
[S—
3
o))
=L
lo
4

2
2L

97 gAiel B4 Al @
2 172709 F AR (9.83%) = AE wg 599 fAA (337%)= Hw
S, 55709 AR (B11%)e AEFVE 2dse dude dSojie §2

A5 o)A



factor receptor 2 (FGFR2), fibtoblast growth factor 20 (FGF20)3} Laminin
04+ apoptosisth & A FAHA FAIdgzm 4HA JQ=d FGFR2,
Laminin a4, FGF20¢] #&e] Z+zh -1802.84, -40.1uf, -4.18) A3 on
caspase 79 3L 591 F 7}l

2. RT-PCR ¥4

RT-PCR W22 #7749 dd& 2AE 23 microarray 4 239}
YX&A  5-nitro-indirubinoximes A& g KB AZAE AstA] &&
thZ ol B3] caspase 79 wdo] A F7tEHAS™ FGFR2, Lamin a49}
FGF20¢] 2@ ZAH des &9 & A (Fig. 2).



v, i &

o] AFAME Atg T4 AFAMELE KB AEd indirubin FEA
5-nitro-indirubinoximes A F & o] M HE= FAZE AT
ol indirubin FEAd] o3l FExE 24 AT A JA A ZAE
A WA microarray ¥4 o]t} 5-nitro-indirubinoximeo] &3] W3 o]
AsE FARAE AZUAAA L 750l el &/ 2 AXE A5 A, A

T

71 &4, apoptosisdl #Ast= FAAZE 42 18.1%, 5.8%, 3.5%E A

mﬂ.

rl

l:l

A gtk o] F caspase 7, fibroblast growth factor receptor 2 (FGFR2),
fibroblast growth factor 20 (FGF20) ¥ Laminin a43= apoptosis®} H# A
FRo BAstr] Wl 531 FrZA.

Caspase 7< apoptosis ¥7]19] $23% & 43)3}= effecter caspase©]
tH(16-18). A FEd apoptosisE A 7= A=Fo] Fo]AH caspase 7°] &
AslE]o] o] ZXFT  poly(ADP-ribose)-polymerase® 3| Al 71t}
Apoptosist Th¥eE AEA A ME9 FFFE # =
& FPst= HAolt. Apoptotic pathwaye] Wsh= IAFE, A7tEY

2g HIH NFEES T B2 A Aol U (19,20). ] €]

it

apoptosis ¢ cytotoxic T-lymphocyted] &8 F=dHE AlEo Al Fa
& d9gg $33} (21). 5-nitro-indirubinoximeo] <3 Wdo] AA F7}
3 o] dFdAe AFE 1# Y, caspase 7°] indirubin FEA ] o3 F
EH = apoptosisell Al 2% G&E& Fs}E Aoz AZdEn

Laminin o4+ 7]A %] $83% 74 A Eolth Laminin ade W3 HE
T4 #ACd Fad 9FE s Ao wdE #HATT (22,23).
Laminin a49] antagonist® WA Z A rlEZ=golel &EZ QI apoptosis
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pathwayE FXZ%tt (23). HTY I+ w=d platelet-derived growth |
factor (PDGF), FGFs, angiopoietin® 22 B2 A& AAE, 281 o9
receptorE°] E3e FH FA FAd #AAYHz RuFHUY. FGEF/FGFR
signaling pathway: 3 E]2A) ;_E’:ﬂ, AP A ZZ remodeling, @54
THIY T To9 9Zs FIFT (24). FGFs= I FRT oty
AAAA AxE ddoy "gﬂj A E #FHA3Tt (25). Laminin ad9}
FGF/FGFR Signaling pathway e 7152 ZAgoly U FZF2 apoptosisE
TEAY EHFAE AT RN FTEY AFES Adfste Aoz H

b o] AFQA AF3 FAANEL FALY A5 HEE 5 Jv 8T
I8 FAA} 2 £ J9& ¥ oly# indirubin FEA O I AL Age
B2 71AE olEd ¢ JdE AnlgE AT & ¢ S Aol



v, 2 &

Mz A4 indirubin =A< 5-nirto-indirubinoxime A|3E2] F4]& A
35 e AlZANA apoptosisE FEETH ©] A7+E 5-nirto-indirubinoxime
o2 AYF 77 ARFAETYF KB AIoA #do] H=dAY gAdE
FAAEE A7l $18te] microarray ¥4 & Al&stATh. £4% 10,8007K
of A FAA L70109 FAA (1568%)7} 5-nirto-indirubinoxime & 2
A AEo A AYslx] e gz vl&) FAFe=E Fod 4@ W
& XAt 2 FA 263709 FAA (155%)= ozl wske] 2w o]
ol ZaFAeH 220719 FAR (129%)% 28] o wde| Fr/ietArh
#ol Watd FAAES 2 7%l we} E73 A A5 AP (signal
transduction) ™ AFH FAZ7} 18.1%, apoptosis®t A#H FAATE 35%,
AE F7] 280 Addd FA8A7F 58%F AA k. RT-PCR WHoz #3449
HE-E AV 23 microarray 4 A dX8HAl 5-nitro-indirubinoximeS
g KB AlEAME Hgstx] e thzTol vl 8 caspase 79 2&o] =2
A F7FH o™ FGFR2, Lamin 49t FGF209] 2@ ZAH d&s &
A & YA} WA S-nirto-indirubinoximeo] Hel® T M FEoAA
microarray ¥4 indirubin FEA <3 FgaAL s)Ae dig ol ¥
ol dAE A& F e A2E FE FAAN A HRE AT

T At

e

=
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Indirubin Hnitro~-indirubinoxime

Fig. 1. Chemical structures of indirubin and its derivative,
5'-nitro—indirubinoxime. The R- group on the indirubin structureis

changed by Nitro-.
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Fig. 2. Semiquantitative RT-PCR gene expression analysis in
5’—nitro-indirubinoxime treated KB cells. Cells were treated with
5'-nitro-indirubinoxime (10 uM) for 24 h. Total RNA was isolated and
semiquantitative RT-PCR was performed using specific primers listed on
Table 1. GAPDH was used as an internal control. PCR products were

visualized by ethidium bromide staining.
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Table 2. Genes up-regulated in the 5'-nitro—indirubinoxime treated
KB cells. (fold change > 10)

GeneSymbol Genebank Gene/Protein Name Fold Change
S76389 pmi-rarafusion{junction sequence der15} 83.29
“ samsnl NM_022136 samdomain,sh3 domain and nuclear 59.84
hif5: NM_005322 hlhistonefamily, member 5 T 3598
gnly NM_006433 granulysin,isoformnkgb ’ 3401
- hef-2 NM_013320 hostcellfactor 2 3345
mknkl NM_003684 mapkinase-interactingserine/threonine kinase 1 25.39
NM_022144 myodulinprotein 2493
fsbp® NM_006550 fibrinogensilencerbinding protein 2334
hba2 NM_000517 alpha2giobin 21.10
sat NM_002970 spermidinesperminen]l-acetyltransferase 2053
illlra NM_004512 interleukinllreceptor, alpha 20.46
1.03426 xeTcompletealternate coding regions 20.13
mageal2 NM_005367 melanomaantigenfamily a 12 20.00
NM_015990 lymphocyteactivation—associatedprotein 1962
mmp?2 NM_004530 matrixmetalloproteinase2 preproprotein 1864
gria3 NM_000828 glutamatereceptorprecursor isoform flop 1853
gjal0 NM_030772 connexin59 1758
BC018738 unknown(proteinfor mgc:31869) 16.81
mylk2 NM_033118 skeletalmyosinlight chain kinase 16.46
cacng8 XM_050231 calciumchannelvoltage-dependent gamma 1574
eifba2 NM_020390 eif-5a2protein 1554
XM_071866 similartoparaneoplastic cerebellar degeneration 1551
tollip NM_019009 tollipprotein 1492
narf NM_031968 nuclearprelamina recognition factor isoform b 14.41
tgfb2 NM_003238 transforminggrowthfactor, beta 2 14.20
nfkb2 NM_002502 nuclearfactorof kappa light polypeptide enhancer 1397
i8 NM_000584 interleukin® 13.37
bmp8 NM_001720 bonemorphogeneticprotein 8 precursor 1312
mapk9 NM_002752 mitogen-activatedproteinkinase 9 1251
cldnd NM_001305 claudind 11.68
fshprhl NM_006733 fshprimaryresponse (lrprl, rat) homolog 1 1155
ifiléb AF208043 ifil6b 1152
gamma-csp AF368277 = gammacysteinestring protein gamma-csp 11.03
krt3 NM_057083 keratin3 11.01
plscrl NM_021105 phospholipidscramblasel 1097
insigl NM_005542 insulininducedl 1095
paZ6 NM_014454 pA3regulatedpa6 nuclear protein 10.73
harsl . NM_012208 histidyl-trnasynthetase-like - 1065
NM_052879 c-mplbindingprotein 10.13
AF060169 asllproteinmrna upregulated in the androgen 10.10




Table 3. Genes down-regulated

treated KB cells. (fold change > 10)

in the 5 -intro-indirubinoxime

Gene Symbol Genebank  Gene/Protein Name Fold
Change
fofr2 NM_022970  fibroblastgrowthfactor receptor 2, isoform 3 precurs ~1802.77
mlana NM_005511 melan-a -182.40
grm6 NM_000843  glutamatereceptor,metabotropic 6 precursor -116.40
: AF174600 f-boxproteinfbx20 contains one and shZ2 domain -59.80
ache NM_015831  acetylcholinesterasepi-linkedform precursor ~-50.53
pigr NM_002644 polymericimmunoglobulinreceptor ~-47.08
ggtlal NM_004121  gamma-glutamyltransferase-likeactivityl -44.05
vnn3 NM_078625_1 vanin 3 isoform 2 -42.43
coldad NM_000092  alphadtype iv collagen precursor -41.07
lamad NM_002290 laminin,alpha4 precursor -40.14
barx2 NM_003658  barh-likehomeobox2 -38.27
crhbp NM_001882  corticotropinreleasinghormone-binding protein -38.21
slc2ball NM_003562  solutecarrierfamily 25 mitochondrial carrier -35.16
amt NM_000481  aminomethyltransferase ‘ ~2864
gabrb3 NM_000814 gamma-aminobutyricacid(gaba) a receptor, beta 3 -28.19
slc8al NM_021097  solutecarrierfamily 8 (sodium/calcium exchanger) -2768
stg NM_014070  stgprotein -25.62
locb169%6 NM_016217  hhdcforhomolog of drosophila headcase -24.25
orl NM_002543  oxidisedlowdensity lipoprotein (lectin-like) receptor 1 -23.20
ecm? NM_001393  extracellularmatrixprotein 2 -22.94
ppp2rc XM 029744  similartoprotein phosphatase formerly 2a regulatory -22.36
hefl NM_006403  enhanceroffilamentation 1 -22.10
pde8bl AF(79529 camp-specificphosphodiesterase8b pde8b -21.93
kenk13 NM_ 022054 potassiumchannel,subfamily k, member 13 -21.75
gascl XM 034624  amplifiedinsquamous cell carcinoma 1 -21.56
atrx NM_000489  transcriptionalregulatoratrx 2144
AF293339 ornithinedecarboxylaseantizyme 4 translated -21.17
nyd-sp21 NM_032597  testesdevelopment-relatednyd-sp2l j20.84
kcnal. NM_000217 potassiumvoltage—gatedchaﬁnel, shaker-related -20.56
il18bp NM_005699  interleukinl8binding protein ~20.39
spink5 NM_006846  serineproteaseinhibitor, kazal type, 5 ~19.07
gata3 NM_002051  gatabindingprotein 3 -18.9%6
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cypfal
cyp4fl2
pdeba
arfdl

gaplipdbp
pikfbl
tnrcl

galntd

cited2

secret

manla2

hthl

scg3
jdpl

i6
add3

ebi2
galnt8
Imo7
als2
tns
prkgl
hgc6.1.1
kapl7.1
s100b
sart3
ceacamb
ptprt
lgalsd
hbpl
gabrab
dec 1

NM_000780
NM_023944
NM_000440
NM_033227
ABO037594

XM_012405
NM_007368
NM_002625
NM_006448
XM_050509
NM_006079
NM_006998
NM_018484
NM_006699
NM_033260
NM_013243
NM_021800
XM_039%665
NM_000600
NM_019903
AF100640

NM_004951
NM_017417
NM_015842

cytochromep450,subfamily viia, polypeptide 1
cytochromep4S0isoform 412
phosphodiesterasefa,alpha subunit
adp-ribosylationfactordomain protein 1 isoform beta
inglisoformthis cdna is composed of first 29 amino_
actinalphacardiac muscle actc NCBI critical mRNA
inositoll,3,4,5-tetrakisphosphate-bindingprotein
6-phosphofructo-2-kinase/fructose-2,6-
trinucleotiderepeatcontaining 1
udp-n-acetyl-alpha—d-galactosamine'polypeptiden—
cbpp300-interactingtransactivatorwith gluasp-rich
secretagoginprecursor

hoat4

mannosidasealphaclass la member 2
wingedhelixforkheadtranscription factor
secretograniniii

jdomaincontaining protein 1
hypotheticalsupportedby af114264 loc91624
interleukin6(interferon, beta 2)

adducinisoformb

metastasisrelatedprotein mb2
ebv-inducedgprotein—coupled receptor 2
polypeptiden—acetylgalactosaminyltransferased
limdomainonly 7 isoform b

NM_020919_1 alsin
NM_022648_1 tensin

NM_006258
NM_014354
NM_031964
NM_006272
NM_014706
NM_004363
NM_007050
NM_006149
NM_012257
NM_000810
NM_017418

proteinkinase,cgmp—dependent, type [
hgc6.1.1protein

keratinassociatedprotein 17.1
s100calcium-bindingprotein, beta
squamouscellcarcinoma antigen
carcinoembryonicantigen-relatedcell
proteintyrosinephosphatase, receptor type
galectind )
hmg-boxcontainingprotein 1
gamma-aminobutyricacid(gaba) a receptor

deletedinesophageal cancer 1

__16_

-18.84
-17.90
-1767
-1761
-1741
-17.34
-17.03
-16.60
-16.43
-16.42
-1557
-15.19
-1516
-15.15
-1510
-14.96
-14.84
-1456
-14.21
-13.99
-1359
-13.11
-12.92
-12.65
-12.58
-12.40
-12.34
-12.29
-12.00
-11.84
-11.57
-1156
-11.42
-11.36
-11.10
-11.09
-11.07



igfbpl
pedhab
loc164250
auh

jup
dnmt3l
cada

nts

cnnl

slc6a2

NM_000596
NM_031501
XM_092703
NM_001698
NM_021991
NM_013369
NM_001739
NM_006183
NM_001299
NM_004484
NM_005709
NM_001043

insulin-likegrowthfactor binding protein 1
protocadherinalphab, isoform 2 precursor
hypotheticalproteinxp_092703
aurna-bindingprotein/enoyl-coenzyme
junctionplakoglobinisoform 1
dna(cytosine~5-)-methyltransferase3-tike
carbonicanhydraseva, mitochondrial precursor
neurotensinprecursor

calponinl,basic, smooth muscle

glypican3

pdz—73protein

solutecarrierfamily 6

-1057
-1051
-10.48
-10.28
-10.27
-10.26
-10.23
-10.22
-10.20
-10.13
-10.11
-10.03
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