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Studies on Gene Expression of Imperatorin treated in HL-60 cell line
using High-throughput Gene Expression Analysis Techniques

Bong-Joo Kang, Min-Ho Cha, Byung Hun Jeon', Yong Gab Yun', Yoo Sk Yoon*

Department of Medical Research, KIOM, 1. College of Oriental Medicine, Wonkwang University

Imperatorin, a biologically active furanocoumarin from the roots of Angelica dahurica (Umbelliferag), was
mutagenic and induced transformation of mouse fibroblast cell lines, whereas it provided inhibiting effects on
mutagenesis and carcinogenesis induced by various carcinogens. Furthermore, it has been suggested that imperatorin
may have potential anticarcinogenic effects when administered orally in the diet. In addition to its anticarcinogenic
properties, imperatorin has been shown to possess anticancer activities. We investigated the macro scale gene
expression analysis on the HL-60 cells treated with imperatorin. Imperatorin (10 uM) were used to treat the cells for
6h, 12h, 24h, 48h, and 72h. In a human cDNAchip study of 10,000 genes evaluated 6, 12, 24, 48, 72 hours after
treated with imperatorin in HL-60 cells. Hierarchical cluster against the genes which showed expression changes by
more than 2 fold. Three hundred eighty six genes were grouped into 6 clusters by a hierarchical clustering algorithm.
Pathway analysis using gene microarray pathway profiler that is a computer application designed to visualize gene
expression data on screen representing biological pathways and groupings of genes.
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Imperatorin{z ISt HL-60 21 M ZFolA] i FHA B4 48 7

4ollA] 37 C, 5 % CO2 871 (Forma scientific, OH, USA)oljA]
Mt BREQ HL-60MES il RPMI 1640
{GibcoBRL, Gaithersburg, MD, USA) s A}o} fetal bovine serum
(FBS, GibcoBRL, Gaithersburg, MD, USA)YE 10 % ZgHll, 1
% BHAA (100 units/ml penicillin, 100 ug/ml streptomycin)<}
A 1 Lgd NaHCO; 2 g8 #HUiskd "xsidch

2. A58 Azl

WX ERE FESH imperatoring  dimethyl sulfoxide
(DMSO)oll  501A] Z|EALE EEollA4] DMSO7E 0.1% O15k7} &
T E gl AIESITE HL-60 A ZEE2 cell culture flaskollA] wj
o5l 4 x 10° cells/mlS} ME 42 7V wiA)o) imperatoring
10 M SEZ 6, 12, 24, 48, 72A)7150F AEIslITh

3. Total RNA 22}

Imperatoring HL-60 Al Zojl XZ)ld] AZNEE MEEES
A EeI5le] Fol, PBSE 238 MIAGH %, 6 x 10° AE g 1
mi9] TRIreagent (Molecular research center, Cincinnati, OH,
USA)E |1 d20lA 527 eRIsIoict o710l 0.2 volumed)
chloroform& H7I5HL 15%& &0 vortexingghs )20 5-158
ZF ek J210 4 C, 12,000 x gollA] 1587 AR5
HEHRE MESR tubeZ FZIT) TRIreagent 1 ml & 0.5 ml £
9l isopropanolE H7} & 2204 510 B7F YR & 4 T,
12,000 xgoll4] 88231 AMEEISI] RNA FHES ATk A
2ollA] 0k 1 ml9] 75 % ethanol& H 7SI, 4 T, 7,500 xgoll4]
587 A4 ETGI 4E%E HElL APES UEAIA 50 wsl
DEPC-waterol] =] spectrophotometerofl 4] RNAEL-9}F A260/ A280
HIE £436l] A260/A280 3to] 1.8014+8 AT 1811 1
% agarose gelZ F17]H &6} ethidium bromideZ Mg &
UV o] ZHa5le] 1859} 285 RNA M= O & RNAY] &
g TASIATE 2219 total RNAZE Q17FFXA} 6,5007071 spot
= 65k human ¢DNA chip (gaiagene, A1) 4180l A1EJCt

4. Microarray probing3} scanning

100 g total RNA ((£= 2-5 g9 mRNA)EH] 5 yg dt
oligomerE F7I510l 70 TollA] 10237 gAYl & dZo &
X815 ct. RNAEMol 25 9]  Superscript I revers
transcriptase (GibcoBRL,Gaithersburg, MD, USA), 10 2] 5x
reaction buffer, 5 £2] DTT (0.1 M), 5 9} 10 x ANTP 5 mM
dATP, dCTP, dGTP,; 2 mM dTTP), 2 w9 fluorescent
nucleotide (F|F&%L 10 nM Cy3-dUTP or Cy5-dUTP)E 715}
o] 50 p8] BN E THE] 37 TollA] 24]17F HRSAIZCL o] gt
2o 6 19 3 M NaOHE H716le] 65 TollAl 302 HHSAIA
unlabeled RNAE HAAJZECE o] =HiSdlo] 30 w9 1M
Tris-HCl (pH7.5)9} 12 w¢] 1M HCIE Erislel S3li7ith
Biospin 6 column (Bio-Rad, Hercules, CA, USA)E AME6I
unincorporated nucleotide®} salt® A AH3IFCE Cy5 probe@}
Cy3 probeZ &= 410 Microcon 30 (Waters-Milipore,

Bedford, MA, USA)O &E B & £$irt. Hybridization solution
E2 probe®} 43o] chambere] o] 50 TolA] 161171
hybridization ${c}. 1213 drain7kA] BiR & A7HE GMS 418
274U (Affymetrix, Santa Clara, CA, USA)E saturationO] Q1%
= EAWIA cy3E 550-570mmoliAl, cy5i= 650-670mollA] Eet
& PMTHOE AUEIITH

5. Bioinformatics data 44

GMS 418 A0S 0183k, Cy5et Cy39l fluorescent
imageE 7tz A5l fluorescence intensityE SE 6L,
ImaGene software (BioDiscovery, El Segundo, CA, USA)E 0]
2310} 21719] oINS BHHGHL BMBOEM 7t SEAR T
R A9 Wl H1E(Cy3/Cy5H], rede} greend] intensity
H1E ZAch 8 housekeeping FHA}L W yeast FEX ] th
gl ErE tATH 48T wddlgE 4610 dEolA]
dojAl datad] Eld BHAE 9ot JAASE TOHE
1) Clustering

Hierarchical clustering= Stanford thdle] cluster 3.03%}
TreeviewZ2 1S E&5}] hierarchical clustering(average
linkage)2 3l node correlationd] 0.35~0.81 #IAJO]olA]
cluster® ZESIA 2t AIZHHEE W patterno]l W} BFH
C} k-mean clustering Bergen th&+9] J-express 1.1 ZZ I &
AME3HA k-mean clusteringGl9Art.
2) 7158 FHAL Ul ZAL

ksl o] AlESH chipdl FAAEE  StanfordrhSke]
SOURCE AMOIE (http://genome-wwwb.stanford.edu/ cgi-bin/
source/sourceSearch)&} AffymatrixQ] HO|EHIOIAE 0|23l
Apoptosis, cell cycle, signal transduction, oncogenesis, cell
proliferation 53} 20| cancer#BAE 7|53 Uit 71858 782
Ol E). Gene ontology 412 EASE(http://appsl.niaid.nih.
gov/DAVID)E &&35lo] 243190
3) Pathway analysis

Gene microarray pathway profiler 2713 GenMAPP
(ver 1.0, Gladston institute)S 0] &3l Ml E5LF0lA] biological
pathwayol A FAHIIE ZHEBIKTE

i

k!

AVErO] vRE M EF0] HL-600] TS imperatorin®] A X
APRRZ71A ol 7] 9151 imperatorin 10 uME 6, 12, 24,
48, 72A)17H5¢ AEjdld M ZE kst £ total RNAE E2I5H
o] cDNAchip& 0|85l FHAILSE G LotH UL
Aslol|= GIZFRAXL 6,50071 71 TAE 6.5k human cDNA chip
2 A8 L. 6,500097) FH XS] spotZ average intensity/} 90]
ko) B2k soptE2 AASHL lowess smoothing normalization
SHod 4967 geneg datao] E&0IKTE 1ol 49678E ESTS}
OF2] annotation0] EJA] 242 A2 A5t AL 17171 28j0]
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1. Imperatorin 2% A|7hE {FHX} &7

Imperatoring HL-60 A 250} X2ISEIL 6, 12, 24, 48, 72 A}
2kl B3} & total RNAE 225l (DNAchipC & 24131%1Ct
6417F A3 F R0l vis] wdZo| 20l ol &7t fHAE
o

& TIA1 cytotoxic granule-associated RNA-binding protein,
(YT  blood  group),
inwardly-rectifying channel, subfamily J, member 9 (KCNJ9) 3

7Wolal 2l o] wal”o] ZAsh A general transcription

acetylcholinesterase potassium

factor IIH, polypeptide 1 (62kD subunit), potassium large
conductance calcium-activated channel, subfamily M beta
member 3 (KCNMB3) 2710 SHXFZ0|t}. Imperatorin X215}
o] 122124 & 26014 o] 5718 FHARE fILAL protein
tyrosine phosphatase, receptor type, f polypeptide (PTPREF),
interacting protein (liprin), alpha 42} RAP1A, member of RAS
oncogene family7} &7lol= A& HML RADS2 (S
SIATE Imperatorin X215l 24417F & SHREY RNA 2
o] a0l E7Ishs FAARER  acetylcholinesterase (
blood group)E EEKEH 1274011 20} 04} 24T FHARES
cysteine-rich protein 2 (CRIP2)E ZE§IS 21709 FHAEOITE
48417 Zalokd RN daldo] o1y Srtet REAR=
31 kynurenine 3-monooxygenase {(kynurenine 3-hydroxylase)
50] &ricte A€ HIT 2 o1y T4t FAXES
calcineurin-binding protein calsarcin-1E Z &g 5719 {80}
ol 72 Aj7F Adkeld 26) o]} &7 SAANE neurogranin
(protein kinase C substrate, RC3) (NRGN)& Z g5l 219719]
SR 2ol A48t FHXR= proteinase 3 (serine
proteinase, neutrophil, Wegener granulomatosis autoantigen)
(PRTN3)E =E&lst 156719 FXIAorhFig. 1).
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Fig. 1. Number of regulated genes at each time point. The number
of geres trat were up-egulated (solid bar) by at least two fold or down-Tegulated
(cpen bar by at ‘east two fold at each time point are shown.

2. Clustering 43
1) Hierarchical clustering 43

Stanford tha}9] cluster 3.0} Treeview =2 181 S L2306

hierarchical clustering(average linkage)S 614 node correlation

0] 0.35~0.81 tA-0JolA] clusterg ZFE8l] 2k ARREAERE
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Fig. 2. Hierarchical cluster analysis of genes changing in
imperatorin treated HL-60 cells. Herarchical cluster against the genes which
showed expression chaiges by more than 2 fold 101 genes were grouped Into 6
clusters according to trew profile of expression by a hierarchical clusterirg algonthm.
Experiments are ordered along the x axis, and genes are ordered along the y axis.
Cluster A% 72holl 23l0] L4dle #OE CUG triplet
repeat, RNA-binding protein 1 (CUGBP1)®] 357) S&AI7F E
gtlo] @i, cluster B H2A histone family, member Z
(H2AFZ)Q] 11671 FAX7T TekEo] 1, cluster C& general
transcription factor IIH, polypeptide 1 (62kD subunit)®] 17} &
HAZY ZeElo] Q3 cluster Di=transcription factor NRF
(NRF)Q] 11789] SAAE ZF8H5LL, cluster BE=
lipoprotein receptor-related protein 6 (LRP6)2] 14712 |HALE
Z8H5}1, cluster F= 6-48hAjolo] @idio] Zrlsh= AstS Ho)
v 72ho]  wE0)
(SULTX3)%] 1977 FHAAE ZEE6IL QUrt (Table 1).

low density

=1sulfotransferase- related protein

Table 1. Classification of functional group and gene expression ratio
(fold change).

Function Gene name gh 12h 24h 48h 72h
programmed cell death 5 (PDCDS5), 091 092 064 068 095
MANA

TIA1 cytotoxic granule-associated
Apoptosis RNA-binding protein 204 NE 139 129 492

myxovirus (influenza) resistance 1,
homolog of murine 107 080 114 137 203
serine 0.74 077 062 078 044

Nijmegen breakage syndrome 1
(ibrn) (NBS1), MANA 102 124 100 076 361

activator of S phase kinase (ASK),
MRNA 079 102 069 086 040

MAL?2 (mitotic arrest deficient,
veast, homolog)-like 1 059 109 083 087 026

kinesin-tike 5 (mitotic kinesin-like
protein 1) 077 087 068 079 048

cell cycle  ribosomal protein S6 kinase, 70kD,
polypepiide 2 119 119 083 100 227

chaperonin containing TCP1,
subunit 7 (eta) 087 088 068 067 049
tumor protein ps3-binding protein, 2 1.18 090 137 110 220

cell division cycle 2, G1 1o S and
62 1o M 069 098 065 079 038

telomzarase reverse transcriptase
(TERT) 125 099 139 124 284
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Imperatoring A0t HL-60 W&y MZFIA thitk {FEA B4 s |7

teicmernc regeat tindng factor

(NIMA- nteractirg) 1, transcript 118 110 123 122 234
variant 1
cell cycle cyciin T2 089 113 117 091 049
centromere proen F 093 091 085 086 041
general transcnpton factor fIH,
poypepde 2 128 097 174 133 326
guanyate cyciase 2C 107 110 137 106 223
guaning nucieotde binding protein 4 156 097 179 131 533
killer cell lectn-like receptor
subfamily A, member 1 159108 15 138 240
EEN-B2-L4 130 090 162 152 273
mitcgen-actvated protein kinase 12 100 107 120 098 247
epimorphin 109 112 134 130 217
G proen, beta polypeptide 2 140 092 180 137 277
d.sheveled 2 (nomologous to
Drosopnia dsh) 133 088 145 128 223
tyrosine 3-monooxygenase 086 093 074 079 048
Human nositol polyphosphate
5-phosphatase 118 102 139 110 316
*far?s%r&i;lon proen kinase C-like 2 C73 099 054 080 042
) " diacylglycerol knase, delta (13CkD) 080 118 0.72 097 047
retinoic acd 1nduced 3 122 074 139 087 302
RAN bnding protein 1 087 11 060 069 031
GTP-bindng proen ragB (RAGB),
transcr pt varant 0.7¢ 098 080 098 050
TNFRSF1A modulator 16° 093 081 087 24
EphA® 084 130 042 095 131
cholnergic receptor, nicotnic,
apha polypepide 5 120 090 060 093 040
gamma-am.nobutync acid A ~
receplor, beta 1 098 106 076 092 038
TEK tyrosine kinase, endothelial 124 098 137 120 214
G protein-coupled receptor 148 135 14 132 262
mouse doutle minute 2, 160 093 176 122 363
B-cet CL. 113 100 189 140 283
myeloid/lympho:d or mixed-iineage
leukemra 2 143 097 187 130 3./5
oreogeness Rro guanine nucieotde exchange
factor 5 130 139 153 117 199
deleted In baadder cancer
chromosore reg:on candidate * 082 089 051 082 025
conachin  (CNTN1), mBNA 131 101 142 149 219
negrin, aipha M 083 095 119 118 048
pancreatiis-assocated prowein, mRNA 092 103 071 098 036
caahern 13, H-cadrerin (heatt 127 098 158 110 224
Zyxin (ZYX), mRNA 135 109 180 128 257
selectn L (lymprocyte adhesion
cer molecule 1) 135 075 126 121 303
adghesion :
nephros's 1, congenital, Finnish
ype (epann) 139 094 190 132 284
egt-ke moduie containing,
mucin-ike, hormone receptor-like 121 092 147 125 377
sequence 1
opioid-bina.ng protein 093 102 137 087 251
Rho GDP dissociaton hibior aipha 086 100 064 069 281
ryanodine receptor 1 120 119 141 120 207
wbuin, gamma 1 098 083 066 093 050
tropon.n G2, fast 098 104 0% 09 048
bagpipe norreobox (Drosophila)
homolog 1 0.78 092 070 08 03
cell mortity proiine arginne-rich end
ieucine-rich repeat protein 073 111 086 081 031
cy.oskeleton collagen, type ', apha 1
ransenp! vatant 1 125 089 174 106 534
chromosome 21 derived BAC
containing erytnrobiastosis virus 093 096 068 0.76 034
oncogene
dista-iess homreo box 5 114 092 183 141 257

mature T-cell proliferation 1 090 103 172 126 251
spectrin, alpha, non-erythrocytic 1
{alpha-fodrin) 093 102 071 114 048
erythrocyte membrane protein band 41 142 113 172 125 334
proliferating cell nuclear antigen  0.71 107 064 095 028
faciogenital dysplasia
cell (Aarskog-Scott syndrome) 068 0% 039 050 381
proliferation interleukin 11 140 109 149 141 234
proteinase 3 093 093 046 085 016
C-terminal binding protein 2 126 088 170 145 225
Human placenta mRANA for
luteinizing hormone releasing 113 101 084 080 032
hormone precursor
CDC28 protein kinase 2 087 093 076 09 033
Swi 0.74 087 05 080 039
histone deacetylase 5 091 120 068 079 039
chromodomain helicase DNA
binding protein 2 116 102 077 092 035
chromatin -~ DNA(cytosine-5-)-methyltransferase 1 090 092 100 093 046
modeling H-2K binding factor-2 123 095 157 116 432
v-rel avian reticuloendotheliosis viral
oncogens homolog 118 101 174 121 410
zinc finger protein 164 099 078 08 073
enolase 1, alpha 105 090 084 102 038
small inducible cytokine subfamily
A (Cys-Cys). member 21 085 094 067 085 044
interferon consensus sequence
o binding protein 1 097 103165 124 037
response transcription factor 7 (T-cell
specific. HMG-box) 136 114 189 157 313
Fc fragment of 1gG, low affinity lla,
receptor for (0032) 117 100 150 139 267
karyopherin alpha 6 138 107 179 132 349
karyopherin (importin) beta 2~ 096 107 064 076 045
chioride channel 4 116 104 131 116 306
coatomer protein complex, subunit
beta 2 107 103 073 08 045
vansoort ATP-binding cassette, sub-family C 120 094 109 08 202
Hanse syntaxin 1A 135 100 157 159 275
nucleoporin 88kD 096 083 103 083 391
nucleoporin 155kD 084 093 0685 072 033
exportin 1 073 080 069 085 044
potassium Inwardly-rectifying
channel, subfamily J, member 5 143 084 152 128 406
transaldolase 1 092 093 102 100 203
glyceronephosphate O-acylransferase 090 094 113 086 038
phosphorylase kinase, beta 136 108 146 128 204
ubiguitin specific protease 11 116 092 085 104 2.15
sterol regulatory element binding
transcription factor 2 112 100 156 101 242
retinol dehydrogenase 125 099 146 120 223
hydroxyacyl-Coenzyme A
dehydrogenase, type I 108 087 09 094 048
phospholipase A2, group Vi 103 082 128 111 218
prostaglandin-endoperoxide
synthase 2 101 136 116 115 140
metabolism
prostaglandin 12 (prostacyclin)
synthase 140 104 131 124 277
phosphatidic acid phosphatase
o8 78 080 100 050 066 063
stromal cell-derived factor 2 073 092 049 082 055
mannosidase, beta A lysosomal 105 093 073 091 038
ubiquitin carrier protein 080 090 064 076 039
protein disulfide isomerase related
orotein 117 099 067 085 248
tocopherol (alpha) transfer protein 131 102 184 117 252
hydroxy-delta-5-steroid
dehydrogenase, 3 beta- and steroid 079 113 085 120 037

delta-isomerase 1
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famesyl-diphosphate
farnesyltransterase 1 126 100 1.33 105 201

neutrophil cytosalic factor 2 088 095 112 107 220

eJkanolc transialon MU 116 ggp 062 072 045

pancreatic lipase 091 107 086 085 050
F-box only protein 7 11 092 095 125 046

: fatty-acid-Coenzyme A ligase, very
metabolism long-chain 1 132 083 140 144 224

retinoid X receptor, alpha 089 086 08 083 200
aspartyl aminopeptidase 158 088 141 125 244
signal recognition particle 9D 0.76 088 080 092 043
eukaryotic translation initiation
factor 3, subunit 4 1.02 089 129 089 202
translocase of inner mitochondrial
membrane 17 (yeast) homolog A 05 098 058 072 050

2) k-mean clustering

Bergen thar9] J-express 1.1 ZETHWE AMESHKY k-mean
clusteringg}il, Z+ B3 profiled] ZF LPA A= 9 (cluster A~1)7)
9 cluster= FESIFIL 2 AIFNE R 2SS do] WE /XL
cluster&& Table 20| +25l] Zel=F LERARJCHFig. 3).

Table 2. Gene list of hieraarchical clustering.
Cluster  No

Gene name

CUG triplet repeat, ANA-binding protein 1 (CUGBP1),
Custer A 35 peroxisome proliferative activated receptor, delta (PPARD),
enolase 1, (alpha) (ENO1) FLN29 gene product (FLN29), etc.

H2A histone family, member 7 (H2AFZ), KIAADB0S gene
Cluster B 116 product (KIAADGOS), transmembrane 9 superfamily member 1
(TMISF1), activator of S phase kinase (ASK), efc.
general transcription factor [IH, polypeptide 1 (62kD subunit),
potassium large conductance calcium-activated channel,
subfamily M beta member 3 (KCNMB3)
transcription factor NRF (NRF), cysteine-rich protein 2
(CRIP2), calcineurin-binding protein calsarcin-1 mRNA,
nuclear receptor subfamily 1, group H, member 4, efc.
low density lipoprotein receptor-related protein 6 (LRP6),
retinoid X receptor, alpha, glycing-N-acyliransferase
(GLYAT), nuclear gene encoding mitochondrial protein, etc.
sulfotransterase-related protein (SULTX3), acetylcholinesterase
Cluster F 197 (YT blood group), v-fos FBJ murine ostecsarcoma viral
oncogene homolog (FOS), efc

Cluster C 2

Ciuster O 11

Cluster £ 14

Table 3. Gene list of k-means clustering.

Cluster  No. Gene name
interleukin 17 receptor (IL17R), KIAA0S35 gene product
Cluster A 50 (KIAA0S35), Human clone CE29 7.2 (CAC)n, PIBF1 gene

product,, etc.
znc finger protein (LOC51042). chloride intracellutar channel 4

Cluster B 76 solute carner family 20 (phosphate transporter), member 2, etc
Cluster C 67 FLN2S gene product (FLN29), deleted in bladder cancer
chromosome region candidate 1 (DBCCR1), efc
jun B proto-oncogene (JUNB), eosinophil peroxidase

Cluster D 25 (EPX).£lC.

' epididymal secretory protein (19.5kD) (HE1), tumor protein
Cluster £ 82 p53-binding protein, 2 (TP53BP2), etc
Custer F 17 stromal cell-derved factor 2 (SDF2), CAAX box protein

TIMAP, dihydrolipoamide branched chain transacylase, etc.
tyrosine aminotransferase (TAT), nuclear gene encoding
Cluster G 42 mitochondrial protein, glyceronephosphate O-acyitransferase

(GNPAT) elc.
hypothetical gene supported by AF038182; BC009203
Cluster H 73 (LOCQ0355), protein tyrosine phosphatase, receptor type, f
polypeptide (PTPRF), Interacting proten (liprn), etc.
neural precursor cell expressed, developmentally
Cluster | 56  down-regulated 5 (NEDDS) ATP synthase, H+ transporting,
mitochondral FO complex, subunit b, Isoform 1, etc.

Fig. 3. K-mean clustering. Genes which were present > 50% and
had absolute value >= 0.7 in at least one observation

3. 718¥ FAAt wd

I3 FAo AHESH chipS] SHAFEES EASE(http:/ /appsl.
niaid.nih.gov/DAVID)E &85} Gene ontology 2415131
6,5007) FRXESl 7od JAA S4T FAARE 496710141, 4
AR E 20101 S48 RAANES AHsld 71sH 2R
mE SEA 180E EISIGh EASE ZEagolx
http:/ /appsl.niaid.nih.gov/david/ease2.aspoll &<} biological
processBECE EFAIH U 71 B2 FAARE0] HEE 244]
7i0St AN ES) SRAES BRSISITHFg 4).

1%
=

ll
M

roguiaton of
celucar process
S

organismat

Fig. 4. Genes differentially expressed in imperatorin treated
HL-60 cells. Pie charts of functional grouping of significant Gene Ontology (GO}
terms. (A) upregulated cluster (24h), n=12 GO terms. (B) downregulated cluster (24h),
n=21 GO terms. (C) uoregulated cluster (72h), n=219 GO terms. (D} downregulated
cluster (72h), n=15% GO terms.

4. ZE R4 (Pathway analysis)

Gene microarray pathway profiler ZZ78 GenMAPP
(ver 1.0, Gladston institute)& 0183} M| 2E=F0llA] biological
pathwayol Al RAHSE BESIACE. BE 24 (Pathway
analysis) A7ollA AR FRARE SRR BI6IZ] B2 5174
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Imperatoring A2Z|gH HL-60 ¥

7} e 2 dAFollAlE imperatorino]] 25l w0l ¥HlE =
FAREC] ofHgt FEE HIEHEAE dHET] {18k
imperatoring FGgt Z2UE E5F 51719 ZA 20| thAIAH Bk
I 3 TEE ARE, 2—5, MEZ F7] (cell cycle) & E,
apoptosis AE, TGF-beta 415 (TGF-beta signaling) ZZE
AYEIRiEE.  Cell cycle pathwayoll4l= CDK1 8|1 MAD2L1
(checkpoint protein MAD2A)7} 72X]17tol] wado] ZAE R
Apoptosis pathwayoll A= MDM27} imperatorin AZ] & 724]
Zrol Al wgdo] E718I3EE. TGF signaling pathwayoll A& c-fos
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