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Identifying Genes Related with Radiation Resistance
in Oral Squamous Cell Carcinoma Cell Lines”
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Department of Otolaryngology-Head and Neck Surgery," Chung-Ang University College of Medicine, Seoul, Korea
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Division of Genomics and Translational Research, Cancer Metastasis Research Center’ and
Department of Internal Medicine,’ Yonsei University College of Medicine, Seoul, Korea
Department of Otorhinolaryngology,” Myongji Hospital, Kwandong University College of Medicine, Seoul, Korea

Background and Objective : Radiation resistance(RR) is one of main determinants of treatment outcome in
oral squamous cell carcinoma(OSCC), but accurate prediction of RR is difficult. We aim to establish RR OSCC
cell lines and identify genes related with RR by a measurement of altered gene expression after inducing RR.
Material and Methods : OSCC cell lines, SCC15, SCC25 and QLL1, were treated with 2Gy radiation per session,
and parts of them were alive in finally accumulated dosage of 60Gy through 30 times repetition of radiotherapy
for inducing RR cell lines. We compared results of cDNA array and proteomics in non-radiated cell lines and RR
cell lines to detect changes of gene expression. Western blot was used for the validation of results. Results :
cDNA array revealed 265 commonly up-regulated genes and 268 commonly down-regulated genes in 3 RR cell
lines comparing their non-radiated counterpart. Among them, 30 cancer related genes were obtained. Proteomics
showed 51 commonly altered protein expressions in 3 RR cell lines and 18 cancer related proteins were obtained.
Among the detected genes, we found NM23-H1 and PA2G4 were over-expressed in both cDNA array and pro-
teomics. Western blot showed increased expression of NME1 in RR cell lines but not in PA2G4. Conclusion: We
concluded that NM23-H1 may be a candidate of RR related gene and over-expression of NM23-H1 could be a
biomarker to predict RR in OSCC.
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20| WEE ofe}e Aol itk

TAL] ABY B AN AZHS 1 Aol Ex8H
wo] glol, Z& A710] FoFS 7H B BE 2wy
o= Wb ARE WA S A= Ak thepsb v
EPde) Hio) S-S WA ARl Wg-g HolXu,
4 BAEL P Aol A5 g ghot F7kAI9l
outa] o] Wastn 4 T AEE B 24 gk we
A, AL A2 T o2 upe] QIThe, AR ARE

7h2 st 3 4= 91 AoITk Tejh b Xjre] Al
© 1A & el X L, A Ao that ekt

Ak 1097 ®AM] A3t S48 U SolAel Ak 2 e
2 fraiAr 19H AZF Ha1E o] Y1, raf-1, bel-2 1
231 surviving 59] G-A27} WA Agda) B Ee] 9L
Zolet defA ek’ et iR o) At W fx%
off =etE o] A=} AL, WA A%e] 71 AAE ol

sk QlojA EBH 704} o] Bajo] Basiy 5
Ahe) $7 B WskE Aol BA) 7bsg vfola 2ol
glo] 71H2 T Ak AFe] 71 Atslzlof Akt
Hol NEZFE 0|83 HFA A3k
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A} ke A8 2Ao 7 )
E9a1, ufola ZoHo] 71H
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1. NEZF

QLLI(H=A R Holel -7t Al=zollA] f-2H) HlZ5== Dr
J. Shah(memorial Sloan—Kettering Cancer Center, New York,
NY, USA)Z5E Fofgkelt}, SCC159F SCC25 M2+ (3]
HPA|229k0 2HE fFel)i= ATCC (Rockville, MA, USA)®]|
A sk M EZEFEL 10% FBS2F 2mM L-glutamine,
penicillin(50ug/mL) 7183l streptomycin(50ug/mL)7} &¢1
= MEMOJ A i Fstgict.

H"%F

2. WM MY MEZS A7

RS2 T75 Seks 3] 8094 Aehurbx) woker
2Gye] A A LoA] ZARIEL WAL 24 3 Th] 80%
A AR 26y WA A4 402 2 Afstel % ZAkegol
60Gy7t 2 ul 71 Alagiel,

3. Lactate dehydrogenase(LDH) assay

Aope A|azol| A FH|E= LDHE S7d5to] WA A
g} M| 3EFE 15Tk CytoTox96 nonradioactive assay
(Promega, Madison, WI)& ¢]-&38}o] =25}, 490nme] &
22 mro & Aekslolr) M AaS UFER s Ao} Bf
AMAE ] 92 Al Alo]e] LDH =5 S457] 9
o} 2} MlszSeof] 5G9 AN RAFSH] AliL =4

SkoITh F AFol9] Al =A% AtolE 2RIk | f18f SPSS
11.5 statistical software(SPSS Inc, Chicago, IL, USA)E Ak
£5}0] one-way ANOVAE =431t} p<0.059] 4rol &
ola}rt.

4. cDNA array

AR Aok Ue= A7 28t ti21ke) Al
Atolo] G2} e HIFES R 7] 913 cDNA array= A|88s}
Atk mRNA 522 T7 linear 522 W& 3 CMRC(Cancer
Metastasis Research Center, Seoul, Korea) B2 AF8-51%1
c}!¥ ZZ 5 mRNAS T7 MEGAscript kit(Ambion, Austin,
TX)E ©]83t] cDNAE AlFH HollA dstsict Al
o4 &4 total RNAL] &2} A2 ND-1000 spectrophot-
ometer(NanoDrop Technologies, DE) ©]-83}o] 24314
1, oplE A A A7|9gE0 & Fhelskgin) HAMA AgF A=
9] RNA £EZ-2 Cy5-labled Zefo]H 2 PCREIQIAL, =
9] RNAX Cy3-labeld Z2fo|H2 Z2E5]o] 17104712 &
27 §A=7F Aoj2 human microarray(CMRC-GT, Seoul,
Korea) $JollA A& wd=igich st A% 242 CMRC 3
Hol whal WYt npo] A2 ofgo]o] RS BH2lst
7] 918l 33]9] AY HHE S5t

JO =
42 5%
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5.

1) BHA AR ZH

37H] WAL A ket Mot v 2] Al HEls
2718 PBS& 23] A1A3t & 7M urea , 2M Thiourea contain-
ing 4%(w/v) 3-[(3-cholamidopropy) dimethyammonio]-1-
propanesulfonate(CHAPS), 1%(w/v) dithiothreitol(DTT) L
2]3l 2%(v/v) pharmalyte ,lmM benzamidine2] &-3f] -&-Ho|
A] Sonoplus(Bandelin electronic, Germany)& ©]-&35}o] 10%
ok B2yt vhal 2l Ak Bradford assay= A3}t sFATh

a0 o1

Z2E QTiA

2) 2D PAGE ¢ ©[ojA| 24

IPG dry strip< 7M urea, 2M thiourea containing 2% 3-
[(3-cholamidopropy) dimethyammoniol-1-propanesulfo-
nate(CHAPS), 1% dithiothreitol(DTT), 1% pharmalyte©]|A]
12~16A17+ @A Z Tt SDS-PAGEE Hoefer DALT 2D sy-
stem(Amersham Biosciences)< ©]-§-3to] =35}3ick 2D A
L 1,700Vhol| A 538 ¥ & silver stain®|3lal, GAE AL o]
n|z] ot 2 Mk o] PDQuest(version 7.0, BioRad) &1
Ho = AuFo} =]k

3 E Yo Humo oAN Fo|
Aof| gl= T AES-2 Shevchenko et al'” 5ol 2Jaf A3
o R g4 FalE %S EfAl os) M=

4) MALDI-TOF 2481} Atz £

Ettan MALDI-TOF(Amersham Biosciences)2} Rocke-
feller University(http://129.85.19.192/profound_bin/Web-
ProFound.exe)®ll 2|3} 7jHH ProFound =130 2 e}

oS AL HAstel TN FHL Fslaict

pipette tip(C18 ZipTip ; Millipore, Bedford, MA, USA)°| &
AZ 30.1% TFA 2 A&}kl 50% acetonitrile/0.1% TFA
B2 AAEestel

= MS@} PSD spectrat= Ettan MALDI-TOF(Amersham

Biosciences) mass spectrometer?] 337-nm2] laser= A%

k.

6) CAF-MALDI AtgE ©|&%t HuX 573

chlA =2 Ettan MALDI-ToF software2] Sonar 2-2
PepFrag® E-Aw|Qit) ofv) Al AE-S 928 Proteinlnfo
(www.proteometrics.com)4t ExPASy Molecular Biology Ser-
ver(www.expasy.ch)& ©]-4-5}] homology search 53l 57

SHA| e

7) Western blot 24

TAAESOA 2 TS 10ug/20ule] o] poly-
acrylamide A 7|5 olA EelFich £2)E S nit-
rocellulose membrane 2 2 $AXIL, 1% skim milk7} S
7k 1X PBS-T= non-specific THH &S 420l 4] 2417153t
blocking A17] & 1X PBS-TZ 33] |23tk 1 : 50002 3]
A 12 FAIE 4TelA O/N ¥HEAIXT 3 1X PBS-TE 33]
AT 7L 2 11 50002 3]AE 23} JAIE A=A 1
AZEHESAIZ] 31X PBS-T2 3%] A28}t chemilumines-
cent detection &40 & HMHS S}el5lGt) 553t Tl AsF
o] Aof| AKX =A] &<lsl7] 98 GAPDH(goat, polyclonal :
Santa Cruz Biotechnology)& AH&-5F%itt. 2+ Thai Al =0 vF
FHoFS Fel5l] €8l TINA 2.0 software(Raytest Isotopen-

messgerate, Straubenhardt, Germany) S A3}tk

3 1
5) SPITC RE X &% =AM = f
AleF 802 10mg/mLe] & & g-golt} 20mM NaH- 1 LDH
_ . assay
CO3(pH 9.5) &Hof| ojxf Fr|=eh &E3HH-3-2 0.5L
o o e LDH assay2 £ 371 4R 4 A 57k WAkl
9] tryptic digest 8N} 8.5L.9] A|oF 8018 AojA] BESAIF e . o
, e S5 olohe-S SRIstech WA A AlEFo}
t}. 55CofA 5~3087F WESAIZ] 3 11.9] 5% trifluoroacetic _ o o
o _ T A0 5Gy o] HAMTS ZARSE & A|EaSAdS Ejlsh 2
acid(TFA)E 7FsH 24 §F-3-& FXIAFHLE HAl= micro- o .
3k, i z2tol| 4] 2FAs] AlEZ HAdo] =A YEFTH(Fig. 1.
12 12 12 1
08 [ 08 [ \l‘ f : ; E 08 |-
04 |- 0.4 |- 0.4
—e— RR —e— RR —e— RR
—4— Control sccts —— Control SCCIS5 —— Control QLL
0 T T T T T ] 0 T T T T T 1 0 T T T T T 1
DO DI D2 D3 D4 D5 DO DI D2 D3 D4 D5 DO DI D2 D3 D4 D5

Fig. 1. LDH assay for confirming RR in iradiated cancer cell lines. After delivering 5G radiation to irradiated(RR) and non-iradiated
cancer cell lines(control), cytotoxic effect is more severe in control group.
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2. cDNA Oro|32 of=9|

17101702] 5747} FollA] 14456709] 5734} Bh-g-S 18}
ST}, Hierarchical clustering 432 Cluster softwares AH-&-
31931, clustering algorithm-2 complete linkage?} Pearson
correlation®] 3l A1}E21 dendrogram-S TreeView software
(http://rana.lbl.gov/EisenSoftware.htm)E 53f A|Zt&}=
cHFig. 2).

24| 32 7391 Significance Analysis of Microarray(SAM ;
http://www-stat.stanford.edu/~tibs/SAM/)& ©]-8-3}o] A&l
H A=Y fastE HSISIE QLLL M2 A
Ao AlzollA 7287 A7 BPEEE AL, 7457 FA7E
T2 E|QITE SCCIS AH22T= AR A7) All=zoflA] 2,1857)
QA TR, 18557 A T AEIck SCC25
Az WA ARE AlzolA 62971 -2 apdd =gl
AL, 8597 A7 A E| QAT 37FA] A2 Atolofl A 256

|M|W-il sample_

Cell Type

o
o0 1

20060516-0LLY-1.gpr
20080516-0LL1-2.gpr,
20080516-QLL1-3.gpr,
20080516-500253.

20080518-5c015-1.gpr
20060516-50016.3.9pr
20080516-5c015-2.gpr

20080516-50025-1.
20080516-

Fig. 2. Hierarchical clustering of cDNA array is shown.

el FAAt 3E Ao AU, 268709 FAAE
Y= 1ok (Fig. 3).

Database for Annotation, Visualization and Integrated Dis-
covery(DAVID ; http://appsl.niaid.nih.gov/david)¥} Stan-
ford Online Universal Resource for Clones and Expressed
sequence tags(SOURCE ; http://source.stanford.edu/cgi-
bin/source/sourceSearch) & ©]-&3}o] AEE FAHA-52]
S7/d% atotsioieh ®AM Agk Al =0l A ®skE 533719
FRRE FollA 30719] oF T FRAE AEEIcH(Table 1).

3. IZHegA

2-DE®} oJu|#] 4] A3} 1,500719] spoto] 37]2] WARA
Ao Aol BS5E3A, 1 F I HshE Hel 4497)
o] ThajA|7h ehlEglck 1 5, 57709 Sl FAE R
foJgt Wkl Bk HYrh(p<0.05)(Fig. 4). Ttz 24 A}
577W & 4578 9] DA 7F IhAF LG, 6702 TheA|7E 2t
4 wglon, 187119] oF v ThiA)7E ghQ1E (K Table 2).
Zeglemiz dofid 51719] ThjA|2k cDNA Hfo] 22 of
dlo]= @l 533709] AL Afolofl A FFA o2 IEd
= RN A= Nm23-H12H PA2G4E EH1E Qi)

4. Western blot
cDNA mo]= & offo|e} L 2g]| Qul A AilofA] 2hdd
E|9E Nm23-HI¥ PA2G49] f-84 AS= Il 928
43 3+ Ay}, SCC159} SCC250014 Nm23-H19
FhaFao] gholw|QA|ut QLLIOIAE ke AolFo] ¢igl

QLL1_UP_728

Fig. 3. Altered gene expression af-
ter acquiring RR identified by
cDNA array. There were 265 com-
monly up-regulated genes and
268 commonly down-regulated
genesin all 3 cancer cell lines.

SCC25_UP_692

SCC15_UP_2185

QLL1_down_745

g

SCC25_down_859

SCC15_down_1855

12008
NMP 100%

11890
NMP 100%
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Table 1. 30 cancer related genes obtained from 533 genes showing altered expression acquiring RR in all 3 cancer cell lines by
cDNA array

ID Gene name Description Fold change
Proliferation
AA677403 CGA Glycoprotein hormones, alpha polypeptide 3.1
W86182 PNN Pinin, desmosome associated protein 2.54
AWO008966 TCEB2 Transcription elongation factor B(SIIN), polypeptide 2(18kDa, elongin B) 2.48
AA488332 PA2G4 Proliferation-associated 2G4, 38kDa 2.36
AA446246 NRAS Neuroblastoma RAS viral(v-ras) oncogene homolog 2.2
H68885 PHLDA2 Pleckstrin homology-like domain, family A, member 2 2.1
AA464856 D4 Inhibitor of DNA binding 4, dominant negative helix-loop-helix protein —2.283
Migration
AA410383 CXCL13 Chemokine(C-X-C motif) ligand 13(B-cell chemoattractant) 2.67
AA434159 GIPC1 GIPC PDZ domain containing family, member 1 2.41
Al936909 MAPK12 Mitogen-activated protein kinase 12 2.02
R39862 ALCAM Activated leukocyte cell adhesion molecule —2.336
DNA repair
AA620446 RECQL4 RecQ protein-like 4 2.92
AA991871 FOXAI forkhead box Al 2.87
N93924 RFC4 Replication factor C(activator 1) 4, 37kDa 2.78
AA669314 ATP5D ATP synthase, H+ transporting, mitochondrial F1 complex, delta subunit 2.62
AA933835 ENTPD1 Ectonucleoside triphosphate diphosphohydrolase 1 2.59
H?0415 BRCAI Breast cancer 1, early onset 2.34
AAO85436 NM23-H1 Non-metastatic cells 1, protein(NM23A) expressed in 2.09
Cell cycle
AA478066 PKMYTI1 Protein kinase, membrane associated tyrosine/threonine 1 2.58
AA922727 FGF4 Fibroblast growth factor 4 2.36
N54551 PPP5C Protein phosphatase 5, catalytic subunit 2.12
AA486280 TIMP2 TIMP metallopeptidase inhibitor 2 2.11
Al361153 SRF Serum response factor 2.09
Al355949 CALM3 Calmodulin 3(phosphorylase kinase, delta) 2.07
Cell death
AA931820 BCL2L1 BCL2-like 1 2.87
AA417746 DMTF1 Cyclin D binding myb-like franscription factor 1 —2.352
R68555 PDCDI10 Programmed cell death 10 —2.255
AA482119 ID3 Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein —2.185
AA134814 TANK TRAF family member-associated NFKB activator -2.176
AA411814 PSENI Presenilin 1(Alzheimer disease 3) —2.142
ol 5 5+ ke ol A7} Uk F7E W) AR An ol Shsh AR NS Blo] ok R uakgick” ol
13| GFe S Zloltk ey AR Ao miAY g S WA Ao 71 olaishet] Ees & A

A vAYET chEgle] HER BT, B olXwh WA AL Skt 27 A ol
o) -0

=

22| SzolA19] HAUZ e thal Leil ol A gl Al ofuol] ARHAQl HRRKE Fick wheb] TeE Ele

#olc} & FARABA LS A BT WA A A
Ras ¥l A% WA, Riva 5 RAF-1-970400) 7hi w0l 228 75}4=0] Qlof microarray 7]4:0] Hasitt

A TR oA AR A i Qlekar Harsglar, Microarray” | ©|-§5to] 57459 ol A AR #3}
Gupta ‘é o Akt ‘ﬂ*&i}oﬂ ot PI3K 42 FARdolA A RARE Eshs Eavt 22 Qlck Fukuda 52 4719]
= B A F) Al EQRA| SR04 19702] IhhE %14 2874

7‘10]3]21.. EJ—o}ﬂE}” W AR AN AR U o) Ik fAAE FIEka, o] Rt GFAAME S A2y
51| d3kE| o] 91aL, Koukourakis 6 HIF 58219} carbo- AL A% W, DNA thA| Al A7, Al 52} 9 sz 527]
nic anhydrase 9 +32}0] @@L FR A0 2 AP FAE 7)o B Ut Higo 5-& FARIA|EZ0) A 774
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Table 2. 18 cancer related proteins obtained from 51 proteins showing altered expression acquiring RR in all 3 cancer cell lines by

proteomics
Spot Protein name % pl kDa Fold
507 Ubiquilin 1 isoform 1 22 5 62.5 1.48
905 Importin subunit beta-3(Karyopherin beta-3)(Ran-binding protein 5)(RanBP5) 19 4.8 125.1 3.61
1014 Ubiquitin-conjugating enzyme E2-25K isoform 1 41 5.3 22.5 1.73
1110 EF-hand domain family, member D2 25 5.2 26.79 1.94
1309 Proteasome 26S ATPase subunit 4 isoform 1 44 5.1 47 .46 1.71
1412 PSMC3 35 5.4 45.52 1.76
2013 Gilutathione transferase M3 35 5.4 2713 —3.23
2605 Oxidized protein hydrolase 20 5.3 8220 —1.43
4015 Non-metastatic cells 1, protein(NM23A) expressed in isoform a 42 5.4 19.86 2.26
4107 Proteasome activator subunit 3 isoform 1 43 5.7 39.6 1.70
4108 Proteasome activator subunit 1 isoform 1 34 5.8 28.88 1.61
4403 Eukaryotic translation initiation factor 2 beta 23 5.6 38.71 10.58
5305 Hepatocyte growth factor receptor precursor(HGF receptor)(Scatter factor receptor) 8 7.1 157.85 2.49
(Met proto-oncogene tyrosine kinase)(c-Met)
6008 Structure of Recombinant Human Triosephosphate Isomerase At 2.8 Angstroms Resolution 48 6.5 26.81 3.42
6302 ErbB3 binding protein EBP1 36 7.2 38.33 2.65
7702 Minichromosome maintenance complex component 4 22 6.3 97.11 2.35
8007 Chain A, Crystal Structure of Recombinant Human Triosephosphate Isomerase At 2.8 63 6.5 26.81 1.76
Angstroms Resolution. Triosephosphate Isomerase Related Human Genetic Disorders
And Comparison With The Trypanosomal Enzyme
8109 Casein kinase 1, alpha 1-like 19 9.6 39.28 5.07

o) WA A7} B FAAE SRIsHAIAL, 2709 AR |
4 =) QIS 71 5 Tep20
FRAE Akl whet wrdoke] 1S Rt Ishiga-
mi G- Aol PAMS AR § TP E 16770
o] GAA}E Ingenuity Pathway Analysis & 1242 £ 3}
Ak E3F 167709 FAE 5 40719 F-AAE 3709]
FRZHN Y ELFE TA5IE”Y Chang 52 gp96t
GDF15% 23Fst= 7S] 82 AR A3 S2059HA)

)

EFo|| A I AES Barsial, gp96at GDE1SO tiat si-
RNAE transfection A7 Ao A WA WigH4do] S71ek
& gelatglet”

ol2fgt M 152 microarray WHO| WA A% B
AE gRlsted F8oltte e HolFAlRh tif2e o
T e 7L Qi) oAl AFE SlsliAe, SAIE
Foll AAl M B8 iRt viszsAl WAME AR

AL AT SRS gHSolof dh. iR Ee] £ARe
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QLL1
SCC15
SCC25
QLL1

SCCI15
SCC25

NM23-H1(=4015 spot)

17kDa

PA2G4(=1013 spot)

38kDa

37kDa

CATDH C oD I - Fig. 5. Wesfern blot of NM23-H1 and
PA2G4 in RR cell line and non-irra-
diated cell line.

RS2 w3 2Gy A & 50~70Gy o] AN S A7) E&3 BAIRM0] advanced T 9 N stage®} SaE|o] Qlotar
ool WAL A PAEFE FEE] i ook v BHuskch uhdel, ErkE Wang 5 Nm23-H19) 2H¢t
S5 SfoFEc. )T AP AT AT A A ok A4 AR P Holeh o] 9 Fof Mol o
FS BEPLS AFH T HhEA] Belsfol Sk WA o AEHEo] 918 Aolehi B sIrk” Lin 5-& Nm23-Hl
A HEEY R me WS 4] 92 BAIES 9 dgtae BRI EolA] TR S Koot Aty
S AHg3floF 3tek vpA|9rO 2 microarray AXRe] AW of Qlrkal B wskrk whabA), £ 5ol A9 Nm23-H19]
A sl YE WiEA] T ZolA] oh] el Sjof gt WERT gge Bisld

o}, wheba], i At Ao A= WA AR Al A0 vliEE < AR WAdell QloAl Nm23-H19] ok 7714 & 4= Q)

o] X[&21 WAL ZAFE Bfo] 11 AJAS lofHe]R] oAl 5
31, LDH assay= HAMA A3HA] T1E-2 8015191 01, cDNA
array & SHIE WAL A3} B A& Z2H YA
W A ERY O R ASskorh

2 A mhola R oflo] Ay WA W/ Aol
A 205719 IR FARket 2687]9] AAE FHAE A
ek 7L Fofl 3097H9] oF B A=) A%, prolifera-
tion, migration, DNA repair, cell cycle?] 71%5S YE = &
A= TS E137, cell death W -8R WAL
ol A7} oAEA HAH WS EStAE Ho
U= Aot} = A Axk 18719 ¢F ¥ {43t
%L PA2G4%F Nm23-Hlo] uto] 22 ofglo] Aol
Aot PA2G4+ proliferationd) 13 0] 2132 Nm23-H1
NA repair 7|52} d3kEo] Ik 40 0oz o
A ke s 2RIst Ax} PA2G4A= Thikdo] FRIEX]
AR, Nm23-Hl2 QLLL A WA Al2=2 Al 2l
A zof| A Tkl ERQlE|let whebA, Nm23-H1e| m}o]
A ojdgo], TR WA W YAE BEFEE O Z Flojg HF

AR o1& R 3E7F E 4 9 Aol

Nm23-H1-2 thefgh oF FollA] Ho| oA a2 d&lA Q)

o}, TR A 2] ggke thokshA el itk Pa-
velic G- 77352 HBA|Zo A9 Nm23-H19] 2hirde
advanced T stage?} 9F £& o 3.9} ddtz]o] QJriar B 15}
A} Wang 5-& A= HHAZ ol A Nm-H12] E&-& A

U—?Lng}ﬂ

S 1% rlo oo N ,I;

2tk AR = DNA repair 7]5°|t) 7]2% 0 & Nm23-H1-&
QJFo) =0 v e GHARI P F419 S sk,
qkoF QR szof A RIAR ZAbo]l SRt DNA &4 F519] o8
ok oAz WA WA E5E 4= Sl Aotk o
w7 UE2 AURKA f7d4ket Ao 9l AURKA 2|
UL SFHEBAEZA] WA WA Aktl R 24
cell migration¥} B0} QIck?” cDNA mho] =2 ofgo] b
ole]2YE] A2 5337]2] AL} AURKA 3-32HE Inge-
nuity Pathway Analysis &2 1300 Z-&5fo] A5 71
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