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ABSTRACT : We have used cDNA microarray hybridization to identify gene regulated in response to gamma-
irradiation in U-937 cell. The cDNA-chip was composed entirely of 1,000 human cancer related gene including
apoptosis and angiogenesis etc. In gamma-irradiated U-937 cell, highly charged protein, ribosomal protein 1.32,
four and a half LIM domains 3, lipocalin 2 (oncogene 24p3) and interleukin 15, ataxia telangiectasia mutated
(includes complementation groups A, C and D) genes showed increased level of its transcription, and cell divi-
sion cycle 25A, dihydrofolate reductase, topoisomerase (DNA) II beta(180kD), kinase suppressor of ras and
strarigin genes showed reduced level of its transcription compared to untreated U-937 cell. The significant
change of level of transcription was not found in well-known ionizing radiation(IR)-responsive gene, such as
transcription factor TP53 and p53 related gene, except ataxia telangiectasia mutated gene,
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o]-2-2} u}AR (ionizing radiation; IRy AJExl| DNAE
o 5 EF £ARS o] Al 8 ohzl, growth factor,
cytokine ! oncogene FHAES] o)A WS FE3]el
ME W AZ AGAA AT 2 J3FS Foh(Fance, 1992;
Friedberg et al, 1995; Holbrook et al., 1996; Boothman
et al., 1998; Woloschak, 1997). Gubd o2 FAHEAEA
5ol 93le] DNAo] A4S & M EA velvdes
apoptosis, DNA 45 59| A2 (transcription factor
P53(p53)7t A== Al 240 A3 |zteg st A o
A ¢lem (Kastan et al, 1992; Ko and Pirves, 1996),

*To whom correspondence should be addressed

EZE p53> DNAEA B opet, AlE2t £44e] A=
Fef3le], NFKB, MAP kinase®} 2 EAES SA3A
71= 5 oFst J3E Ho|il gJvhk(Kastan er al., 1992;
Ko and Prives, 1996). Al A% A< # {FA=E 7}
S ps3d 24 FAANEE 1004 717 dBiA Qe
o, Al ARl A 200-300702] p53-binding site?} )
3= Aeg BWUHT glcKTokino er al., 1994). ©]-23}
b e] ol HE EAMIME p53E o FASAE
A Foll 93k uk-S32F o] cell cycle control, apoptosis
3 DNA 5712t 24 f7dA8e] sl HoslaL gl
th(Liu ez al., 1996).
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£ 9]3}ed, DNA-chip(Microarray-2-4] y2 ¥z wi-$- f-83}
E2 WAE T 9lo}h. MicroarrayE o] 3 A2 $H 4
ok AR wE EAE FAl 7FsA E17]¢l (Brown
and Botstein 1999; Lipshutz et al. 1999), = 4AE 2zt
= o] Al o] Bxel HEE B3 0E muE
Fale Ao] 7hest, webA o] &3} WAkl o8t fA
A QA7 2 A R el w8 =7
24 7= ¢lokAmundson et al., 2001; Clake et al.,
2001).

MicroarrayE ]88 FAHEA o] HIARA 2MpA) frd 2}
E°] 32 DNA-chipdl] FA1= fdzlSo] FU3t 73-9l
X, cell lineo|v} 22)9] Ffoll ule} 504 w7 e] o]z
eFsiAl vebdel Ao AR cell lined A 222
pS3-5-A k2] Abefol wiel BCL3, FRAI, ATF3 REL-B
PC-1, MDM2 "2 PIPI/WAFI3 FRAAIES] 2] z}o]E
Roln, w22 AA}e| ps3ALE 7F AZFE A7)
FAAL o] WA ZHA] AALR 7he e HEE Mol
b, pS3RPE B ol HEFoIME Hhe-E- o]
A @AY o3 ¥HgS vrEb ¢l vHAmundson er al,
2001; Achary et al, 2000). %3} leukemia celte- o83t
QAo A o] 23} HhARAef HhSsl= p53HE RS Al
7o) whe} o=2A vepkon, p53st fele] gl Ao
U2 N2 WA A FRAERE RaEgd
(Amundson et al., 1999). ¥ Agl| AM-E U937 HE
= 3749 SALZRE] 9L macrophage] HEZFLE
Sundstrom™} Nilsson(1976)l] 2Js] ==9=2 71AF 3 in
vitro Al o] ARE-Eo] g}

webA] £ A7l o] 23}t uiakAle] uhgEhe Wik
A FARAEE A s Hsted, ARt ik &
F FAAZ 4= 1,000 A cDNAZE B
DNA-chip& AMH-3le] WA =AM U937 AlZ52] Wy
W3E 23 ps3 AR} T ZleR el A=
A A SRRl Al AEkEAL sl

R
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B AdgojM= Al histiocytic lymphoma A EF)
U-937(Number; CRL-1593.2, ATCC, USAYS Alg A|¥=2
AHaBlem | vlR]E 10% fetal bovine serum(Gibco-BRL,
USAYE &3t RPMI 164041 (20 mM HEPES)E, A%
woke 5% CO,%t 37°CE FAIXIZ] vl |E AME3isdch.
BRI AR AlEEE 4X 100 cells/ml?) #l%FY 30 miE
¥7cse] 302 100rad (882rad/min) A 2|slsi.om, upa}

A 2} 2417k ¥ total RNAS £-231c}.

Total RNA 22|

Total RNAS] ¥2]= TRIzol Reagent(GibcoBRL #15596-
018)E- o]-83led FE3|5ict. AR A} 244]7F Fol] A E
£ R el A45e] wiAlE AlA3laL PBSE Al
Halgdok. 1X107 celle]l 1mi?) TRIzok: do] ¥-HA17
Z Akee]] 5B A3}, 0.3 ml chloroformE 3718}] o}
A] A2ellA 2~382F A3 AalRe]sle] 4 A4
< 1.5ml microtubes]] %1 F isopropanol 0.5 miE ¥l
ZFeol| A 108 A8 vk AEEI3le] RNAS AHAIH
©}. DEPCZ A28t 70% os-&-2 RNAE AlH 3 F 4
oA AzA713, AAF RNAE ddHL00 34 F,
SpectrophotometryH ¢ 2. RNA $%F &A15}%c). Total
RNA%= probe labellingS $33}7] 714 —70°C Y53l
s,

Probe H|&}

RNA®] cDNA ¥} ¥} Cye labelling 4 2] A]f
£ DNA-chip hybridization kitF}ZZAANE AHEs19t)
AR} AA wgkom, o) F zheFs] 7)EskH; 50 ug
total RNA®Y| 1.5 ug oligo(dT)primerS- ¥ 70°CellA 5%
ZH AN F Aol AAEAE, AAAF BA WSS 7
ImM dATP, dGTP, dCTP, 04mM dTTP ¥ 7} 0.15mM
Cy3-, Cy5-dUTPE A 7}3}3 50 unit AMV reverse tran-
scriptaseS- ARESted F 20l WS 22 (DNAE Cye-
dye-labelling 3}deh. G4AF Hh§- - Sephacryl S-100>-2.
labelling ¥ cDNAZ- AAI81912 AA1E cDNAE gk 3
o2 %233 sample W control ZF 17.5ul hybridization
buffer(6XSSC, 0.2% SDS, 5XDenhardt Solution, 0.1 mg/
ml salmon sperm DNAI =91 F 33led probed AME-
S

Hybridiziation

cDNA chip2 Genomictree A}2] HCC v2.0(Human
Cancer chip 1kb spotsy& AM2-313it}. 30l prehybridization
buffer(6 X SSC, 0.2% SDS, 5XDenhardt solution, 1 mg/ml
salmon sperm DNA)E cDNA chipell 3L cover glass®
Y F 3] Aeelr 247 AAsde. 2% SSCek
0.2XSSCZ ¢DNA chip® A& o} YAl EE7]1E o4
3lo] ZAFAIZTE 35l labelling® probeZ 95°CollA 2%
7+ A=sled WAJAIZ] F DNA chip9lel] "ei=g|3 cover
glass® Hch. DNA chipS 100% 55 %411 chamber
Qtoll o] 62°ColA 16A17F 53t hybridizationd}S3 o
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Hybridization 5 60°CellA] 4|28 (2X SSC, 0.2%SDS)>-
2 77} 3084 23] AEEIT AdeelA 0.05XSSCell 5
27 A 3 F AAEEE ARAF

Microarray £44

cDNA chip®] #5382 AxonAke] Microarray Scanner
/GenePix 4000BZ- ©]-8319dt}l. Cye39}l Cye59] ®]E°] 1.0
o] Fl&E =2 galo g FA3}I, o|E Ratio of medians
e 71EeE 0y Z7Rl A FAsIsleH, ol9) A
o] 4&le] xjo|7} 4ufl oA} Hol FAAEE ANl &
A3}5iet.
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E Aol ALl U937 Al8e] histiocytic lymphoma
A3 o|o] (Sundstrom, er al., 1976), ©]&3} HAIAH ZARE
sl ARgRE FF YCsoH, AL 100rad(72)0] et
E A vaAlE ZARBE] & M EEEZH))
100rad(A &) AR M 2] F57} 18] oFAkg vl sl

A&} Y22 77 4X10° cel/mie] M EEEE 30ml
S FHlEled WA 2AL 24R12F F Abe} gl AlES] 4
2] zlelE EA . WaRAel| FALER] k2 2712 AHIE
5.2 82X 107 cellsimPs =2 oF 249] 3715 Bglont v
ARde] ZAME A EL] A$ HE X7} 2.99X10° cells/ml
2 AE A 7L stk A& R rlAA)). ol HEEY
=} #A3 A E o] wishs W] A=idgl W,
A} b o] SFoM T M3l oSS A2 el
Fich(Fornace., 1992). o1& Fv] FAHL2 I8tk
cDNA chipg o]-83}e] W3lo] Frhe Akl A" f
AAE 78159

DNA-Chip &4

yA AR <13k U-9379] mRNA 3-E- Genomictree
AFe] HCC v2.0 chip®-2 #4315, Abghe] gt A4
A} ¢cDNA 10007 & 7141 ChjpTE_'._‘ AE3193.2™| total RNA
2 A}g3le] cDNAE Cy3/Cy5-dUTPZE labelling 3}ed
probe2 AME3l9th. Hybridization¥ Fig. 13} 22 cDNA
chip®] scanning A5 g3l om] £ AEE FAsle] WA
2] xjolE Mol FAARES AE3N] $18) scanning¥} o]
u)z)e] dleo|e} A2 Axon Instruments}e] GenePix Pro
3.05 o83kt

oJak BAA I 4 3 kollA he] pixelo]l 2=
Ze1m, I, Avs 3Rk background pixel®] A} kel A2

A - e

Zholel. Z2aglof| A AFECE. spotd] HAE At W
$1 el pixel Z42H9] [(Ip Apn]mediang: AAFEI3-2m W
B pixel?] 3u] ®AH-S AAS}e] background pixel®] [(Zp,
ADnJmediang- AAFSIAEL. Control#t 100rads] W3 A 5=
Z47¥e] Fokkg vlasisiet.

Control(Cy3) = [(Ip, A;)nJmedian-[(/p, A;)nlmedian
100rad(Cy3) = [(Ip, Ax)n]median-[(J5, A;)n]median

919 Aol hE22F 100rad A RS FH7} 27
100001492 2AE Bel ARTE QAR £ Aol
wralo) WEl= control(Cy3)ell WIgk A& (Cys)el H3l=E
ZA31) Fo2H Cy5/Cy39l vlE&E B3 Zvie} 7k
£ AAbsIAL, Cys9b Cy39] oFo| ulssled Wis) 9l& 74
S Cy5/Cy39) HlE-2 1ol 2=, S Cy5/Cy39] ¥]

o] VM-S Jehll L, <19] 79t
2 o] 74gS vepdo) o= & ratio of median

Table 1. List of up regulated gene exposed to in U-937 y-
irradiation identified by using the human cancer DNA chip

Gene Symbol *Number Fold
PPP2R5B AA129171 1.325
YWHAH N69107 1334
ATF4 AA600217 1.337
EPB72 R62817 1.338
UBEIL N23454 1.348
ATM AA016254 1.354
CORO1A AA047478 1.365
IL.15 N59270 1.403
LCN2 AA400973 1.406
FHL3 AA460438 1.415
RPL32 R43544 1.876
D13S106E AA250746 2.069

2GeneBank Accession number.

Table 2. List of down regulated gene exposed to in U-937
Y-irradiation identified using by the human cancer DNA chip

Gene Symbol *Number Fold
DCTD AA448207 0.354
CDC25A H59260 0.531
IMAGE:123971 R0O08884 0.582
IMAGE:2571385 AW074896 0.610
TNFRSF1B AA150416 0.622
IMAGE:796087 AA460374 0.626
KSR H88143 0.663
SFN AA191692 0.664
TNFAIP1 AA456314 0.667
KIAA1595 AA496999 0.668
CTAGI1 Al218223 0.678
VIN H29054 0.680
PSCD2 AA464957 0.686
CCNBI1 R46787 0.686

*GeneBank Accession number
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o E FAEM o] W3lE Holx= A9 spotihS-
ratio of mediangf2- A2 Aelslitk(Table 1,2). Fold
inductionZt2 ratio of Medians3ts 71598 ARlow A
Al FAlL oga) g}

[(Zp, Ay )n}median-[(I5, A;)n]median

Ratio of Medians = - -
[(Ip, Ax)n]median-[(I5, A;)n]median

£ ¢DNA microarray hybridization®] °3A}E-4-8- E3lod
71 3ol 718 fA A= DI3S106E(highly charged
protein) -FAzIIe, 71} @2 AE Bl fAARE
DCTD(CMP deaminase) F-HA153t}. 22l v]s}e] vt
Aol ZAME U-937H1E4] mRNAS] wle] 714 whel
M FAARE 5 A 10009 3319} mRNAY]
o] 713 ®ol ZhAEl AR F 3] 1009 FAIRES
2 A)3lirh(Table 1, 2).
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[

we] F7H H44F 7-&HIA DNA 45 713 =l &
A}l ATM(ataxia telangiectasia mutatedy= pS3ZH= 41
Aol A|E 5712} DNA9| Fei] #33le] phosphorylated
p53& B8 S A AE Ase A\ AT
COROIA(coronin, actin-binding protein, 1A), ILI5(interleukin
1532 o] A Foislelen, 72 A A &
Az o] F7)Eled RPL32(Ribosomal protein 1.32),
FHL3(four and a half LIM domains 3) --8x}e} ghial
Falel ®y FH FHAZ LCN2(lipocalin oncogene
24p3) A2} o] F7BIIRFig. 1). p53rAiate] #
Hx tiF7ol vl v AR M 2ol F7HE B

W& o] 7H4AE CDC25A(cell division cycle 25A) F-4A}
E AE Egol 283 A= DNA &3] & A%
s Whe-E Mol fAlAtel™, A<tE DNA®| 715&
ANA A7) TOP2B(topoisomerase INT L3 ZAE
oo} Tumor antigeno|™ A|E2] Bdo]| Fedal= F-H2}
¢l CTAGI(cancer/testis antigen)2} M| E£2] 2|H whizlz
ME FAZ FHsE 2 A §AR VIN(vitronectin,
serum spreading factor, somatomedin B complement S-
protein), TH&2] 2415} membrane traffickingell T3}
ARFI, ARF3, ARF63} &7 &AE Holx PSCD2(pleckstrin
homology, Sec7 and coiled/coil domains2 cytohesin-2), p53
FA A s 2AHH ME FLE AAE= SFN
(stratiginy 4127} o] ZA4g Bolo}, gt wale] 7k
€ X9l KSR(kinase suppressor of ras) f-AAl= 4]
cell cycle ZA31= shido]oh(Fig. 2).

Fig. 1. Color image of microarray used to analyze transcript
level in cultured U937 cells after gamma-radiation with
¥Cs (100rad). Total RNA was extracted from U937 cells
immediately 24h after irradiation. Each RNA sample was
used as a template for synthesis of cDNA probes, which were
incorporated with either Cy3- or Cy5-dUTP. The probes
were mixed and hybridized to a microarray slide (Genomictree
in Korea). The slide were scanned in laser scanning (Axon
Instruments in U.S.). The control (Orad) was labeled with cy3-
dUTP (green) and the radiated sample (100rad) was labeled
with ¢y5-dUTP (red).

10000

9000 - mControl
8000 |
7000 [1100rad
6000
5000 f
4000
3000
2000
1000

0

Fx median-Bx median

A1

Qg\')bq’ Qz"\(p ) \)Czé > \\’\(?

&

Fig. 2. Microarray analysis of up-regulated gene expression by
Y-irradiation. D13S106E, highly charged protein; RPL32, ribo-
somal protein L32; FHL3, four and a half LIM domains 3;
LCN2, lipocalin 2 (oncogene 24p3); IL15, interleukin 15. Fx
median = [(/n Am)n]median, Bx = [(/, Am)n]median; m, Cy3- or
Cy5-dUTP; n, kind of wave.
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Fig. 3. Microarray analysis of down-regulated gene expression
by fy-irradiation. DAD25A, cell division cycle 25A; DHFR,
dihydrofolate reductase; TOP2B, topoisomerase (DNA) II beta
(180 kD); KSR, kinase suppressor of ras; SFN, strarigin. Fx
median = [(Is Am)n]median, Bx = [(/5, Am)nlmedian; m, Cy3- or
Cy5-dUTP; n, kind of wave.

p53ell Fske) BRI cell linedl|l A RoAX]E WA
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B, PC-1, MDM2, CIP1/WAF] $(Amundson et al., 2001)
2 B a3 Aol 2 88 523 S7RE 9tk
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