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In this study, we investigated gene expression patterns

induced by Ailanthus altissima extract and compared it

with Gleevec, a well-known anti-leukemia drug, in K562 chromic leukemia cells. Ailanthus altissima extract(100 ug/mi)
and Gleevec(50 ug/ml) were treated to cells for 1h, 2h, 4h, and 16h and total RNA was extracted. Gene expressions

were evaluated using cDNA microarray, in which 24,000 gen

es were spotted. Hierarchical clustering analysis showed

that expression of genes included in two clusters were increased or decreased time dependently by both Ailanthus
altissima extract and Gleevec. Genes included in another cluster were induced by Ailanthus altissima extract but not
by Gleevec. In biological process analysis, expression of genes involved in apoptosis, growth arrest and DNA-damage
were increased, but genes stimulating cell cycle were decreased. This study provides comprehensive comparison of
the patterns of gene expression changes induced by Ailanthus altissima extract and Gleevec in K-562 leukemia cells.
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o £&511, FEHUE 3M IXZ 33 AHSIRACE 0] ATt
€ rotary vaccum evaporatorE® 4, Z&TH F, freeze dryer2
B4, Axsld AEE AE3INUCE. Gleevec2 AlFol Sy
AEHZ ATEE A B4l A1861

2. M| ZeieF

A SE19] eigy MEZFQ] K-5628 AMSSIaL, A&
of|A] 37C, 5% CO; Bit7] (Forma scientific, OH, USA)oflA] 8
ATt BIHO K-56241 £ w2 DMEM (GibcoBRL,
Gaithersburg, MD, USA) uljX|oll fetal bovine serum (FBS,
GibcoBRL, Gaithersburg, MD, USA)E 10% 2 &l5Hil, 1% T
A (100units/ml penicillin, 100gg/ml streptomycin)2} i X] 1L
NaHCO; 2g< Hrtsled AZ231%

3. AlE9 Ael

K-562 A EZ 100mm cell culture dishollA] w5k 4x10°
cells/mle] AZ +& 717 wixlel AIHE g4 REEY
Gleevec] HEZ &7t 247} 100ug/me, 50pg/me0] HA F71ok
£ 1, 2, 4, 16A]7HSQ A2lBlRirt

4. Total RNA EZ]

7} AIBE NS K562 M EE ANE R AU F,
PBSE 2-33] AM|IAg L} total RNA 2E]0] ARESITE Total
RNA Eg]E RNeasy mini kit(Quiagen Inc. Valencia CA USA)
£ ol&3lo] AMIE ol met 2215k

5. Microarray probingi} scanning

100yg total RNA (%= 2-5459] mRNA)EHo] 54¢9] poly(dT)
oligomerE 715104 70°CollA} 1027} HESAIT] & Holl YAIBIN
Cl. RNAZSo] 2549 Superscript II revers transcriptase
(GibcoBRL,Gaithersburg, MD, USA), 10409 5x reaction buffer, 5u
9] DTT (0.1M), 549) 10xdNTP 5mM dATP, dCTP, dGTP, ; 2mM
dTTP), 2429 fluorescent nucleotide (Z&=% 10nM Cy3-dUTP or
Cy5-dUTP)E 715l 50409) HESHE THE0] 37°CollA] 24170 |
S AT 0] BIZ%o] 6409 3M NaOHEZ H7 1510 65CollA] 305
H12A1# unlabeled RNAZ HAAIZICL 0] ¥IgWo] 30 49 IM
Tris-HCl(pH7.5)9} 12409] 1M HCIE H7151d E3IA1230) Biospin
6 column (Bio-Rad, Hercules, CA, USA)& AKZ31¢] unincorporated
nucleotide®} salt® AAHBIGEE Cy5 probe@t Cy3 probeE E&H
230 Microcon 30 (Waters-Milipore, Bedford, MA, USA)2 & 2.1
£ Z9ir}. Hybridization solutionE2 probe@} 4101 chambero]] &
o] 50Co)A] 16A]7} hybridization ${C 2] 1 drain7tA] vEEl &
A2 GMS 418 ~7l (Affymetrix, Santa Clara, CA, USA)Z
saturationo] QFElE RQIUHONA]  cy3= 550-570nmollA], cybe
650-670nmofl A A PMTRISR ATEIAE

6. Bioinformatics data 4]
GMS 418 ~MAZE o]l&3dld, Cy52t Cy39] fluorescent

- 914 -

imageZ 7217} A706}0] fluorescence intensityE® HHSHL,
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g3alo] 212t0] o|n|X & MGl BAEo 2N 7t SRR th
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HNE AAEFCE W5 housekeeping FHAL B yeast LA ]
gl EEZ oRTY 48 we|eg BAsle] 40
A oj7l data®l EVGY R E 26 4EAFE I

1) Clustering

Hierarchical clustering2 Stanford tHd}] cluster 3.03%
TreeviewZ Z 18& 28} hierarchical clustering(average
linkage)2 3l node correlationo] 035~0.81 #rAlooljA]
clusterE ZEBI 7+ ARINEE @S patternol] w2t 2573
T} k-mean clustering Bergen tha}e] J-express 1.1 22183
AFEGIY k-mean clusteringé}?ﬁl‘/}:

2) 715 S U EA}

5 Aol ANESH chipd |{FANEES Stanfordi sl
SOURCE A}O|E (http://genome-wwwb5 stanford.edu/cgi-bin/
source/sourceSearch)?} Affymatrix®] HOJE{HO]AE 0] 5l
Apoptosis, cell cycle, signal transduction, oncogenesis, cell
proliferation5} 20} cancerZAE 753 Lt 7lsg 7&
BI%Ct Gene ontology £41 EASE (http://appsl.niaid.nih.gov/
DAVID)E &&dld 24519
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ol £73}L 80%014) data?t HoOllE A& datad] E-EBTINT
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A G FEES K562 A|lEFA 1, 2, 4, 16 AltS

1.60) 014} ZHaBlE SFARS activating transcription factor 58

& FRRolch AZMal AMelsled 2413 3% 16w
o] Z718l= SAAXRE v4jun sarcoma virus 17 oncogene
homolog (avian)E E &St 3070 FEA0IH, 16w 014 ZrAash
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ras homolog gene family, member B A28 E3I5H 607} FHA}
ojr], 1.6W] Z4dhke FEARE chromosome 14 open reading
frame 143 Q] 327f SHXIE ZBITHL 164]7F F 1.6800]4) vlsd
o] 715k FH A= histone 1, H2ac € E3815F 657 FAAR0]
of, 16w}  ol4 TR
aminotransferase 12| 6971 A AOICHFig. 1). ZF A7 HE
wilo] MalElE FAANSER Table 16 E7I5180H

Stanford Univ. 9] cluster 3.0 &-835}a] node correlation
o] 035081 gk AlololA] 6709 clusterS ZAAEIITHFig. 2).
Cluster A= 0-1hol] 2)5i0] Z7lk5l= FOB cytotoxic T-
lymphocyte-associated serine esterase 1 9] 21717} Z&E O]
3L, cluster B Z71ole H3Pt glout ALH g walo] &7}
Bl= O 2 histone 12] 687019 S&XF & o] UL, cluster
C&= 16hol] 2F8io] &716H= mitogen-activated protein kinase 32
527) {EAE ZEHE o] QUL cluster DE Z7]0]E Halt g2
L RNEHOF w30] Zas #9% CCAAT/enhancer binding
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Cluster A®} Cx= AZWM 2 Gleevec HE)A] 2 s

3 Hols FFAREE histone 15< ZE§5k= 7270 R&AL
2 A2z} Gleevecol] Qa] A&H ST wWdlo] S716) HhH,
proliferating cell nuclear antigen 52 Z&5h= HAF
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molecule with the SH3 domain of STAM (AMSH) like protein
Q] 16709 {HAFE0l Zgkmr, cluster Dol neuroligin 2,
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T} 2P0l cluster He AZuzmlol] Qo 1417F K] ZollAgt gt
o] Zashe FOFE chemokine (C-X-C motif) ligand 13,
DNA-damage-inducible transcript 45 Z§18} 2878 FHA}L ZL
SHET) Cluster Ex= A2l FollAle W37} ¢lOLt Gleevec
2 16A17F A2l wollAl wsio] &7iske TSR heat shock
70kDa protein 1A, 1BE ZglgH}. Cluster 19} JO] RAXIER2
A JelAl 16A17kroll A ZhAast B GleevecH T Aloll =
1641710 B7FH FANER
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Fig. 1. Number of regulated genes at each time point by Ailanthus

altissima water extract. The number of genes that were up-regulateds(solid
bar) or down-regulated(open bar) over 16 fold at each time point was shown.
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Fig. 2. Hierarchical cluster analysis of genes changing in 100 ug/mi
of Ailanthus altissima treated K-562 cell at different time. Upper, 251

genes were clustered 6 groups according their expression profile. Lower, the
normalized mean expression level was shown for each cluster of genes in
graphical form.
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Fig. 3. Hierarchical cluster-analysis of genes changing in 100ug/ml
of Ailanthus altissima water extract treated K-562 cell compared with
genes changing in 50ug/ml of Gleevec treated K-562 cell at 1h, 2h,
4h, and 16h. left, 291 genes were clustered 6 groups according their
expression profile. Right, the normalized mean expression level was shown for
each cluster of genes in graphical form.

3. A2} Gleevecol Qg 715H %ﬂx} uksl H|m 24
KM E @l Gleevecoll 9ol H2k /AAE & 48
Z2U8} SHXFR] cluster A, C gl vl
o} ¥iE UER}E custer Fo) 23E FHEAEE UHLE
EASE(http:/ /appsl niaid.nih.gov/DAVID)E &85} biological
gmog 2359 rkFig. 4). Cluster A TolAE
apoptosis@} cell cycle arrestol] igle ROE L%l growth
and DNA-damage-inducible, KH domain
containing, signal transduction associated 1 ZI2]3 v-jun avian
sarcoma virus 17 oncogene homolog (jun) S9] &alo] E71st
A, B nucleosome 843 TIHZIO] histone THHRZI S 9] w5
Z718Hs AC T ERISQIrKTable 2) Cluster Coll &8l &
ARFE  7hedl of JAsk=
proliferating cell nuclear antigen, ADP-ribosyltransferase 0]
oliZo FYBTEHTable 3, xiZelslol S8 woto) 5713 vt
 Gleevecol] QlaiAlE wsio] Z+48kR= Q) custer Colf &
SRS
chromosome condensation protein G= apoptosis@} cell cyclex}
BEE RO, transcription factorZ YT37Z] zine finger TiEEZE]
£ ¢ o] Foll ZEEIKTable 4).

patternO] pattern

process

arrest alpha,

cell cycle pleiotrophin 1}

[

= leukemia

%  myeloid cell sequence 13'/}

WtsCaL Bretess M LY
Bistlrigeg ot
e

¥ Weloertomatants NIFAl enemen brwlod (AT
salels Carcier fmilv 1. nevher 4

ﬂl‘! tareisr (‘IV ll He3% Ssanmonter) . mwyber 1
& ) ake dekpitoninn R depentent

HU et
Chimmaae 3 gees veuting trame £
Ristane £ Kia:
Mstase 1. Rl
tegion
Tiamtioed wwncs vith e simlariiy te prataia 1

cantoristad wistesn tite )
brte ek

"

t.-)u ha

4l -mm mmu
ter

L
Birv-yi ST
wrien gestae 1oty (Crot 114 Biboh Elaeane, Grivte

oo} facter u mumr peetenn)
Nomaeri o0 1

x corviey fenly 1, fcationic mmw acif toosgmis
vt i ataed

Eettcal prvieis RIS
IbreiCIaMetame 5000 Voly (RP-rikive) palpwies
o < ir tromcrist &
| auii ety cPE wwlom RORS

051 ie "

ISR | Dite prigpeptioe}

bl (20 st et e

e 4 et ¢ oatacn

feceippry om st wide o
aixim. X0 b aton. nul Arwnetemtion &
i it

&5 sissimaiustie. s ohas
v, it o S5
bihels shembstam 1o mmnn nmmm et 1
1 8uh GOTALISKOHIRT FTri 1om DR A RMFYINS]
TIRITRG L6 SHILCon Iy SN A2 TR
) ” Townt Biading preiain
mcix 10
Ly
Man L
- Jeta 1. dse ncwnn 1h
xmm TRt 31 1940 direct s b
ST bt o Teat sy Touhr ot P
B By wssdabh 381
o Hawet wutely 1000 8, sow %.16)
B e i e emmysat 4
bmatietiod sinteis LAOWH

1 13
TSR] sem claw BERSSETHT
B8 whpane EEL Loancr 10 1as LeitiM
Tl v T 1 . being oria
ity iy wqm 308 v hibal
Lot
i e -:lpnr
et g Yot i I
boeutiatical weuteda L ctesise
sy,

Mk 1nd
i)
M i patein 1

e -t i3Te Leswcrivt §
LA oo PRGTY 1 TaRinnke s a1l STamptey
£2058 st

Ty Py antiws iamb) }
Dok Shorh tioe sestesn s fabacos rrpulated proteia, 3

* A e e et o
maniadin) edwall, beta tyye, 3

A SR tsted 1n taTy M TaeE
. e seeciamrich § (Rpiaciag tacker

imeftreine Kisare ¥
AL LT Tl watelh Ialciam ity
ot bartor ¥, mearite ¢
i

DB B GRR AT KO Ba et e R

AAEEEN. SRR G YW lmiw trwvipt )tln £
£ Rt onedpain  Latosact. WrOateis
m«rmvla!ivn lwﬂzwxllm AR

s ewmraEy

m-”u u-t a abl Ll atﬁ FRAA0IEY

Mk Lt ot

n’lulﬂlj AT L.

.ca‘i woRe . lmxl,r T P

Nl'll. neolol s

3:; G$ﬂ¢v:w‘:~=ulnm‘ et Loy CirealE Lwalowr ¥
N AR tmay  ERUBAEE A6 Ay |
INVI-M e marth mer  CBORwA B W

vom“o*lum Wrateln

0“ l'”miﬂlm PERota 3

Fig. 4. Hierarchical cluster of genes changing in 100ug/ml of

Ailanthus altissima water extract treated K-562 cell compared with

genes changing in 50ug/ml of Gleevec treated K-562 cell at 1h, 2h,

4h, and 16h. A Cluster of genes of which expression were increased in time

dependent by Allanthus altissima water extract and Gleevec. B. Cluster of genes

of which expression were decreased in time dependent by Ailanthus altissima water

extract and Gleevec. C. Cluster of genes of which expression were increased by

Allanthus altissima water extract but decreased or not changed by Gleevec

!s
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Table 1. List of gene and expression ratio on time dependent. the right-hand column gives the ratio of mRNA for Ailanthus altissima water
extract group to control of hihgly up and down-regulation.

Time up/down %Bﬁgg? Gene name gene %?gssion
Hs.9754 activating transcription factor 5 023
Hs.131041 F-box only protein 7 027
up Hs.5312 aggrecan 1 027
Hs.2159 WD repeat and FYVE domain containing 3 03
i Hs.117780 potassium voltage-gated channel, subfamily S, member 1 031
Hs. 156761 KIAA1102 protein 568
Hs.100527 connector enhancer of KSR2 358
down Hs 81071 extracellular matrix protein 1 321
Hs43125 esophageal cancer related gene 4 protein 293
Hs.75914 coated vesicle membrane protein 257
Hs.286049 phosphoserine aminotransferase 1 04
Hs.6838 ras homolog gene family, member £ 04
up Hs.143434 contactin 1 041
Hs.194691 retinoic acid induced 3 044
Hs.8375 TNF receptor-associated factor 4 0.46
2n Hs.78465 v-un sarcoma virus 17 oncogene homolog (avian) 444
Hs.4065 MRNA; cONA DKFZp564C2063 305
down Hs.72243 par-3 partitioning detective 3 homolog o8
Hs.326035 early growth response 1 259
Hs.737 immediate early response 2 208
Hs.123232 chromosome 14 open reading frame 143 021
Hs.286049 phosphoserine aminotransferase 1 027
up Hs.2962 S100 calcium binding protein P 03
Hs,146393 nomocysteine-inducibleubiquitin-iike domain member 1 0.31
4h Hs 446546 asparagine synthetase 0.31
Hs 406064 ras homolog gene family, member B 11.74
Hs. 78465 y-{un sarcoma virus 17 oncogene homolog 569
down Hs.53889 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 404
Hs.183 Duffy blood group 347
Hs 326035 early growth response 1 354
Hs 286049 phosphoserine aminotransterase 1 on
Hs 446546 asparagine synthetase 013
up Hs.301743 solute carrier family 39 (zinc transporter), member 14 0.25
Hs.154672 methylene tetrahydrofolate dehydrogenase 026
Hs. 75061 MARCKS-like protein 028
on Hs.28777 histone 1, H2ac 655
Hs.78465 v-un sarcoma virus 17 oncogene homolog (avian) 464
down Hs.7644 histone 1, H1c?? 453
Hs.156316 decorin 443
Hs.26931 Ras association (RalGDS/AF-6) domain family 1 424

- 917 -



Table 2. Classification of functional group and gene expression ratio which were increased in time dependent manner by treatment of Ailanthus
altissima water extract and Gleevec.

Biological process Gene name Ajlanthus altissima Gleavec

1h 2h 4h 16h ih 2h 4h 16h
apoplosis growth arrest and DNA-damage-inducible, alpha 1.1 175 193 253 036 103 1.13 260
cell oycle KH domain containing, signal transduction associated 1 120 119 167 259 083 109 108 222
protein phosphatase 1 1.29 176 2.16 316 0894 091 114 372

¥un (f‘nvé%ge;aemﬁg”[ﬁows i 25 a4 563 464 | 108 0% 12 18
histone 1, H2ae 114 146 299 420 108 129 1.66 365
H3 histone, family 38 082 085 154 213 1.00 089 066 1.08
chromosome histone 2, H2be 099 1.04 197 2.719 085 1.00 0.9 .77
organization histone 1, H2ac 1.30 1.68 269 321 093 097 103 153
histone 1, Hic 1.01 1.22 209 523 1.12 123 1.24 1.66
histone 3, H2a 1.10 1.12 192 292 093 112 1.25 1.71
hypothetical protein MGC27165 088 095 150 217 082 089 1.01 190
integrin beta 4 binding protein 137 173 245 287 1.09 1.06 1.03 145
metabolism 3-hydroxy-3-methyiglutaryl-Coenzyme A synthase 2 115 152 1.34 194 084 0.95 097 228
Rab geranylgeranyl transferase, beta subunit 133 187 198 1.77 094 095 112 241
connexin 26 172 191 190 363 114 094 104 135
par-3 partitioning defective 3 homolog 1.09 282 081 097 104 112 1.00 109
zinc finger protein 267 1.50 148 195 237 0.9 086 082 1.21
regulation of zinc finger protein 184 169 191 246 256 102 099 0% 1.21
franscription zinc finger protein 7 1.26 1.75 2.3 2.10 082 080 090 121
polymerase (RNA) Il 195 136 179 257 114 086 109 178
neuroepithelial cell transforming gene 1 107 137 141 237 080 1.08 0% 223
signal transduction GABA(A) receptor-asscciated protein like 1 099 1.19 1.58 282 1.01 1.09 108 133
epithelial protein lost in neoplasm beta .11 1.00 1.10 265 140 110 111 081
immune response CD1A antigen 1.09 1.56 157 1.41 0.71 0.68 1.29 24
transport mitochondrial Ca2+ -dependent solute carrier 1.35 1.41 1.95 3.34 0.96 093 1.13 2.10

Table 3. Classification of functional group and gene expression ratio which were decreased in time dependent manner by treatment of Ailanthus
altissima water extract and Gleevec.

Biological process gene name Allanthus_altissima Gleevec
1h 2h 4h 16h th 2h 4h 16h
pleiotrophin 110 0.78 055 0.35 104 0.75 068 042
cell cycle proliferating cell nuclear antigen 088 092 0.78 030 102 091 086 047
sestrin 2 128 095 044 060 088 080 052 046
ADP-ribosyltransferase 089 0.75 069 032 1.00 1.05 096 0.49
isocitrate dehydrogenase 1 121 056 055 037 086 0.74 055 046
a disintegrin and metafloproteinase domain 29 0.75 069 040 029 093 1.15 089 040
isoleucine-tRNA synthetase 1.08 091 091 057 086 1.09 0.79 037
metabolism glucuronyl C5-epimerase 0.88 097 112 041 100 103 093 056
phosphosering aminotransferase 1 0.76 040 027 0.1 100 065 055 027
ribosomal protein L339 08t 0.75 0.78 031 086 0.90 088 087
hypothetical protein FLJ10514 102 0.78 0.90 0.34 093 1.37 090 0.40
E2F transcription factor 3 097 099 on 035 103 106 099 030
regulation of chromosome 11 open reading frame 13 095 085 073 0.3% 103 101 104 084
transcription host cell factor C1 084 1.15 0.72 041 1.15 1.26 120 0.66
CGAAT/enhancer binding protein beta 121 082 044 0.30 087 0.74 067 044
retinoic acid induced 3 048 044 032 0.36 098 095 0.76 0.66
semaphorin 187 1.09 043 071 1.02 1.02 080 098
Narf;%ﬂi'ﬂon MARCKS-ike protein 108 08 081 028 | 102 .12 09 079
formyl peptide receptor-like 1 090 086 032 087 122 112 1.09 117
mouse membrane bound G2 domain containing protein 113 102 093 0.66 1.08 112 098 035
potassium voltage-gated channel H 088 0.9 0.66 034 1.10 087 1.00 093
nucleoporin 37kDa 039 047 047 060 096 1.09 091 059
ransport protein disulfide isomerase related protein 108 080 062 035 1.00 087 0.78 047
tryptophanyl-tRNA synthetase 0.2 0.73 054 043 086 059 055 032
) ) homocysteine-inducible, ubiguitin-like domain member 1 128 065 031 042 102 084 060 044
profein folding FK506 binding protein 4 106 071 038 090 | 109 072 084 105
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Table 4. Ciassification of functional group and gene expression ratio which were increased by treatment of Ailanthus altissima water extract

but not by Gleevec.

Ailanthus altissima Gleevec
Biological process gene name
th 2h 4h 16h 1h 2h 4n 16h
apoptosis myeloid cell leukemia sequence 1 090 1.38 184 1.66 095 067 089 0.99
cell cycle chromosome condensation protein G 128 097 1.04 204 094 0.98 1.01 055
retabolism methyl-CpG binding domain protein 4 1.01 1.10 168 187 1.20 101 100 060
eta
hypothetical protein MGC27165 1.28 229 315 137 071 067 0.70 068
zinc finger protein 217 183 188 1.89 160 1.08 085 0.78 115
regulation of early growth response 1 252 259 354 104 072 083 0.70 074
transcription zinc finger protein 167 144 17 246 180 095 071 0.7 114
proline-rich nuclear receptor coactivator 2 1.01 124 1.36 1.66 085 087 077 045
thioredoxin interacting protein 137 187 164 282 069 047 083 077
) ) thioredoxin interacting protein 188 1.72 182 2.18 085 085 085 0.71
signal transduction
Duffy blood group 112 124 347 1.08 0.91 105 083 110
Rab coupling protein 1.34 1.38 168 215 0.77 113 094 0.74
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CDK4 £9] thilg $£2 Zanl7le Aol Lesicy.

B Fo| A= microarray assayE O] &35l WgH MEF
Q) K-562004] R 2n] G4 REEC] s] Walo) Ml e &
AAES ZAIGOH, 71E PUEY AEMZ ABEQ
Gleevecit9] SHAL wbed ¥H3} ehtS vl SAMolNIct wot ¢
3l o) FARE & HIwa Q) Gleevecoll Sla) @& ¢Hilol
ARG RUANE, wsieilol Rk RAXlEE tideR
apoptosis@t M ZF7o] HAE FHAES BHOE 71658 &

AR gsle vl BASIrk

Rzui] @er £EB0] O3l welol WA o 25007 §
HAIE BIBIHOR, oIS RFAF W Gleeveco] 93 W3l
e REARED 8IS B, oF 1507 RUAEY LHS R4}
o WeYHS Hol WE(Fig. 34, 30), o 26719 REAE w
S M 2319} GleevecolA] M E A2HE TS LIERASL
CHFig. 3F).

R} 9} Gleeveco] 98] wWio] N&H o8 EIlE e &
MAE & Growth and DNA-damage-inducible,
alpha(GADD45a), KH domain containing,signal transduction

arrest

associated 1(SAM68), v-jun avian sarcoma virus 17 oncogene
homolog(JUN) 5 apoptosisE FE H& cell cydeg JA24
WASE #gdo] QrkTable 2). GADD45AT DNA excision repair
£ EX8LL A FE7} S phaseZ IYshs BAE AAlske ACE
BAER O, £} o] RRAN ABE XM E3 22 ARA
=ofl HH33ld p38/INKE & 5lA]H apoptosisE 75}

rr
P

o] LR, SAME8 FEB} 47719 TR B0l e FH
A}2 extracellular signal-regulated kinase(ERK)oll €ldl €4 3}z
o] MZEY G1/S phase &S Arshe Hol HuHAUL,
transcription factor@]l JUNE FOS Ex OIgHE g4ds5iHd
apoptosisZ RT3k AoZ BaRAck .

X el 9 Gleeveco] Q3 whdo] ASHOR Hidh= &
HRpZol= cell cycled] #Odshs ASE UedZXl pleiotrophin
(PTN), proliferating cell nuclear antigen(PCNA), sestrin 2
(SEST2) 121l poly(ADP)-ribosyltransferase(PAR)O] ZEHET}
Table 3). PTN2 gastrointestinal cancer®} pancreatic cancerol|A]
wslo] Brisle ACE dulx Qlon, Ed] A EUM Y JF
QIANE YA UCFY. PCNAE p3003} Zlslel BEAE 3
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Apoptosis@} #EI0] @= myeloid cell leukemia sequence
1(MCLY), MZF7]19} 24 chromosome condensation protein
G(CAPG)= A2 uloA = S713) 4PH Gleevee ATjAloll= 2
adkE FAARECIHE MCL12
cell9] 23} %70 wFdlo] SEEW, apoptosisE ARG T
AT UEd psy gue dge S’ CAPGE
SMC(structural maintenance of chromosomes)ol] <3} THEZA
£ chromosome S&& BEsHs TH4 R0,

AZ} @FolA] cDNA chipE 0|86 iR SXA}

89 FONS KT o} druge) BAY)
] o3 Toll FEl AFET AL Rlet B8] AdE ¢
9] M8 gIE /SO olEY AE7E
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