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ABSTRACT.

We used cDNA microarray to assess gene expression profiles in hematopoetic cell

line, U-937, exposed to low doses of ionizing irradiation. The 1,000 DNA elements on this array were
PCR-amplified cDNAs selected from named human cancer related genes. According to the strength
of irradiation, the levels of some gene expression were increased or decreased as dose-dependent
manner. The gene expressions of Tubulin alpha, protein kinase, interferon-alpha, -bela, -omega
receptor and ras homolog gene family H were significantly increased. Especially, Tubulin gene was
shown 2.5 fold up-regulated manner under stress of 500 rad irradiation than 200 rad. On the other
hand, fibroblast growth factor 12 and four and a half LIM domains, etc. were significantly down-regu-
lated. Also, tumor protein 53(TP53) related genes that p53 inducible protein, tumor protein 53-binding
protein looks of little significance as radiation sensitive manner. The radio-sensitivity of fubulin gene
efc. that we proposed could be useful to rapid and correct survey for the bio-damage by exposure to

low dose irradiation.
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w8 AR tist APAR] dHEThs Iee &4
off oJst o]jx}zlQl wslety FAHSkar ArHHall, 1979;
Ge et a/, 2001; Rathfuss, 2000). 12}3]01 &AL 23]
8laz §kg-o] z7| WAllM WHEE &Y= markers
oz BFe{ 2] Ffont, o] 23} WA o§k DNA &
A e =g, 3eh Yo Qg wheow &
3] B uw DNA9] &332 Al o chizls g4 2o
HIE doy|= FYelow F=310 9t DNA &4
Sl 28t AlZolM Yehk= apoptosis, DNA repair 773
transcription factor P53 (pb3)3 ##E Al 249
15 7|28 714 2 dEA o (Mossmann, 1997),
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2 AEoA= Aol hematopoetic lymphoma cell
line?! U-937(Sundstrom and Nilsson, 1976; CRL-1593.2,
ATCC, USAYS A8 AHEZ=Z ARsIE oW, viA= 10%
fetal bovine serum{Gibco-BRL, USA}E $H&-3F RPMI
1640 ¥#](20 mM HEPES)Z, AlXEujd 5% CO,9
37°CE FAAZ ME ARSSHTh AR AR
AZFE 4X10° cells/miel B} 30 miE "¥'Cs9l
FeZ 100 rad, 200 rad, 500rad(882 rad/min) #&)
staom, WAbd 2AF 2487 T total RNAE #&2l3)
ATt

Total RNA 22|

Reaction® 5X10° cell¥o2 U937 A EE Zo} YAl
sl wgl-g A AS & PBSZ 23] A&l iceol
5~7% AA ¥ 1 mlg] TRIzol reagent(GIBCO BRL®
Cat# 15596-018)2 21l cell lysisE ¢J3led AF2o)A] 5
B2 Axstgen, 0.3 ml chloroform® ¥ 2 A&
T oA Aol 2~387F T 4°CelA 15,000
romOo.2 1658-7F A2 sk oF 600 ple] Asd-s

ge wolw Ytk ol T ol AT 4 Fa
m

A tubedll £7]13% 0.5 ml isopropanol: o] AhLolA
1087 a1 ZAZeks Al 11,000 romo2 4°CollA]
208 ARt A5AE AATF F, 1mid) 70%
ethanol2 AlA3}Z ThA] 4°ClA] 5% 11,000 rpme2
AR st RNAE FAAAZ L pellets 204 A
ZAZ. ddH,0 10~20 uiS 3 60°CAIA 1057
incubationdle] 7 =<1 & spectrophotometer® RNA
FEE A3l FF8t AMR-a7] H7kA] -70°C Bks)
Ack. =8 A719ENM RNA bande] FEZ BE
TTEE AT

Probe X|&t
U937 cell2%E <& total RNA 100 ngel 2l

P =

oligo-dT(2 pgulyg B3 SHF5= F volume 15.4 ul7}
HEE gto] 65°Collx 108 &< vHeA1Zl & dgol 1
22 BANZ,

6 ul 5XRT(reverse transcription}-reaction buffer,
3ul 1M DTT, 0.6ul unlabeled dNTPs &<4(dATP
dCTR dGTP Z+ 26 mM, dTTP 10 mM)e=2 FAJst
9.6 ul reaction mixtureZ RNA-oligo-dT £ Y2
%, Control reaction(un-irradiated cell®] RNARIE 3 ul
Cy3-dUTP(NEM, 1 mM)E, Test reaction(irradiated
cells] RNAPI= 3l Cyb-dUTP(NEM, 1 mMyE Z+z}
@37, 2 ul Superscript Il{invitrogen, 200 U/ul) enzyme
< ksl 2] & 30 el RTHHSHS zAJs1dc)
RTHHS- 42°CellA 2A17ke 2 st o, o] Ao
A Cy3-dUTP&} Cy5-dUTP7F A/ == cDNAY incor-
poration=|Al kit ¥hg I zbzke]l wkg-ode] 15y
0.1 N NaOHE 37 65°CellA] 30%-7F HAAZ AL, T
15 ul 0.1N HCIE ¥ SshAA o

Z3hhso] Ed 3 QIA quick PCR purification kit
(Qiagen, 28104)5 ol&ste] AAsIAT &, F3hke-2
B 60 ul ¥hgllell ouff F-3]e] 300 ul PB bufferg %
2 EEE F QIA columnell ¥ 13,000 rpm 3060
Z skt ©hAl 0.75 ml PE buffers ¥
313,000 rpmellA 12 g4 3ste] buffer 8948 5
A7) 2L Al 13,000 rpmellA] 18 52t spin drydk 3,
Al tubeoll columng AL 100 pie] ddH,O(pH 7)
2 AAdE WES-E(cDNAYE 353litt.

ZF 100 wie! Cy3-control ko3t Cyb-test wHg-ol-S
sLbe] tubeol] HolF3 10 pl ssDNA 10 mg/ml stock
solution, 2 ul Poly A(Sigma Cat. P9403, 10 ug/ul)
stock solution® ddH,0 288 uie ¥ 2 &3 3 &,
microcon30(Millipore)ll 2o 48 ulF € wizlx] =
A E2SHL probe mixZ A&

N o
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Hybridization

2832l background AAE 98l Pre-hybridiza-
tiong 483k} 3.6 ml 20XSSC, 0.2 ml 10% SDS,
10 ml BSA 20 mg/ml stock solutiong ZFH2 )
ZZ% volume 20 mIZ blocking solutiong =A% &
50°Cell pre-incubation d}HtE. DNA chipg blocking
solutionell @7} BO°CellA 2087 BAslE Hd 57
o] 27} AE3 & jsopropancl® A)F & Aol
2= DNA chip slideE 50 ml tubell ¥ 600 rpmoll
Al BEZ AR s Belble 718 BT AAS ¥
3A17E ool sH)El probe®t hybridizationdll AMg-s)
At

Al tubedll 48 ule] probe mixE ¥ 10.2ul 20X
SSC, 1.8ul 10%SDS & o] 100°CeolA 287 £
HAA T 13,000 rpme 2 28 F< 4R8N o
Al B2 F hybridization 402 ALR-ET

A Hybridization chamber(GenomicTreeAHoll 3
XSSCE 3~o& Hoj=g] F¢-& tiu]sle] blocking
% AzAZ DNA-chipE AXs4tt. Cover glasse
labeling tapeol]l ]3] <FEo] AR =HA eHE}oH
slide glass9} cover glass Alo]o] 2Al# HAS o]&3}
o] hybridization &9 A~HEHA &%t Chambers]
F74-e DHste] Al g §A)85L 65°C water bath
o ¥o] 10x])7koll A 1647} incubation 3ttt

Microarray &4

cDNA chip® #5533 342 Axonrle] Microarray
Scanner/GenePix 4000BE o]-&3l%c}. A% 3ol
HILE At dRIsh] fsiA imageZHE oA
spot®] intensityE 73F9.20, o] dlolEE Excel, Origen,
Sigma-Polt softwareollX] 7148ttt Hojzl spotel] of
g HolH e ANFEE 3] sl ot sEeg
£ 2430

Spot circled] HZ% pixelE2 feature-indicatorol 4]
A = QATHFig. 1). Feature-indicator Al&¢] 3 He o
E8 FHolA 523 feature-indicatore] pixels, feature-
indicatorell HZ4¥ pixels, two pixel exclusionf-£-g
AASHRTE. Image FANA 1, A& TG kellxd ke
pixelo] zZk= grelm, |, A= 3h}e] background pixel
o] 3¢ katelth, ZE Il 2HFO R spote] HAS
A W9 WR pixel 2+ (I, AJnimediang
ALrstaem Wi pixele] 38 WAS HAASI back-
ground pixel®] [(ls, A Jnlmediang AAFSEATE Control
3} 100 rad, 200 rad, 500 rad ztzte] Ash= U3k
(medianye 71E02 sfo vl BA314c)

(a) 100 rad

(b) 200 rad (c) 500 rad

Fig. 1. Color image of microarray used to analyze transcript
level in cultured U937 cells after gamma-radiation of '*'Cs.
Total RNA was extracted from U937 cells immediately 24 h
after irradiation. Each RNA sample was used as a template
for synthesis of cDNA probes. The probes were mixed and
hybridized to a microarray slide (Genomictree Co., Korea).
The slides were scanned in laser scanning (Axon Instru-
ments in U. S.). The control (0 rad) was labeled with Cy3-
dUTP(green) and the radiated sample (100 rad, 200 rad,
500 rad) was labeled with Cy5-dUTP(red). (a) 100 rad of
radiation (b) 200 rad of radiation (c) 500 rad of radiation.

Control(Cy3)=[{lz A,)n] median-{(lz, A,)n] median
100 rad(Cy5)=[(l A,)n] median-[{ls, A,)n] median

Scanner’t A5 2 AN spote] A Fo] APde] A
HH blocks?] Feature diameter 140 umE 7]&0 2
B o 70%°) sigshe 100 umell Hlx]A] £3k= spotE
2 BEF =AM uiAISIN I, F653 median - B635,
F532 median - B532%te] 2% 5004 #1€3t= spot <
Al B AASAL 500 ©)8le) data¥d 2 imaged
o4 backgrounds}e] ZolE B 4 QIE spote® T
2 Holx AMo] JYeh}A] %= spotd BT AASZ
bad spote-& AAsxt.

2 =

DNA-Chip &4
WHARY A whE U937 celleflA] Q17F oF #4743
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AFE0] WEAsE, AP AR 2AL AlEA defRl
cDNA(Test, Cyb-labelled)el ZAIER] ke A Foja] A
o171 ¢cDNA(Control, Cy3-labelled}® DNA-chipell ©A
H Zt FHAAEF hybridization AL Esle] dojgr}.
ZF 100 rad irradiationdt A3z} tiZ<H(control, un-
irradiated), 200 rad irradiationdt Ml¥EeF 27, 500
rad®] irradiationd MES} thZT-2] DNA-chip ©l7]A]
A3 AR Fig. 13+ 72},

AL Z 100 radol~] BTk 200 rade} 500 radellA
mRNASY] &) 712 Bols & M) spotEo) &
7S B 4 9o, data®] MM Z 100 radelAe=
expression fold(EF) ztel 1.3vH o]Ate] f-2xpal w3}
= YehHA askod, EF 1.2 o] 2dE S7HE B
F32k= 270, 0.5 o]3}] expression foldgte Uehl=
e 270 AR AHE Ho FU

g, 200 rad M= 1.2 oS Yellle ex
pression fold#t& R Fxxk= 25 4909 A=
olgiom, 17he} fARte] 0.5 ¢]ate] k& vehAA.

Scatterplots Ele] EAM)ME= 100 radRZt} 200
rad, 500 rad®] FAREZGIM U937 AlZl &d4 &
o] Wt Aujd o s & fHxte] U FUHES B
= Aen, 200 rad 2 500 rade] Z7NA intensity
values®] Scatterplots ¥AZAFAE Fig. 2414 AAIH
At

2 EAox= Ratio of median %S expression
foldE Uelll= FAI2 43ttt 100 rade] 27194
up-regulated, down-regulated gene 2 ZA¥ A=
Tables 1, 200 Vel %),

100 rad &AMAF =744 AH =2 ration of
median %ol 1.5 o]4e] WEMslE Hol= fAE ¢l
2o m(Table 1), 7F¢ £ up-regulationg] HaE H9l
FAAR= thymine-DNA glycocylase #3122 <F 1.3¢]
expression foldgts WERAAUTE. v-myb avian myelo-
blastosis viral oncogene 94| 1.2¢] expressin S7H
el o 1.5 o]8te] expression foldghe ARAA
TARAsLE QA ofEe Ao, A7 FAE
2 200 rad ¥ 500 rad9] ZAollA] EHg 2] St
7t BASA e, & e HHS ‘Il—r/‘q %
A )70, AR ¥IZHY fAxE 91 st

16000

F537 Modan
g

£

FEIS edinn

(a) 200 rad

15000

B8000:

6060

F532 Median

2000+

4000
F835 pestian

(b) 500 rad

Fig. 2. Scatterplots of intensity values in cultured U937
cells after gamma-radiation of "¥Cs. (a) 200 rad of radia-
tion. (b) 500 rad of radiation.

100 rad &AM 2R A FAE HRl fAA=

H A
expression fold7} 0.5 ©]&& YeRH f42k= Table 2
o] YehfATH.
200 rad AP

Z794E= 100 rad FRAERZGA]

Table 1. List of up regulated gene exposed to in U-937 100 rad irradiation identified by using the human cancer DNA chip

Name Symbol Accession No.? Ratio of median
thymine-DNA glycocylase TDG AA496947 1.289367
v-myb avian myeloblastosis viral oncogene MYBL2 AA457034 1.205674

4Gene Bank Accession No.
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Table 2. List of down regulated gene exposed to in U-937
100 rad irradiation identified by using the human cancer
DNA chip

Accession  Ratio of
Name Symbol No.? median
mutS (E. col) homolog 2 MSH2 AA219061 0.4514107
dCMP deaminase DCTD AA448207 0.3538231

4Gene Bank Accession No.

Hot @ §AAE] 2 WskE Jehll e (Tables
3. 4), Ratio of median 1.5 °]4<l 1374¢] Fx=7} 4
A=K Table 3). 3HH, o] Z7A &8 FAag =2l
FAA = ration of median ko] 0.7 ©|8k= Vbt 7
N 225 Table 490 Agstsion, o] &

factor C& 0.399%2 74 <& f-4x7) ks o]
ERAATE.

HIALA ZARA# 500 rade] FAAME 200 radolA
9} 7+o] Ratio of median S 1.5 7|50 2 sl 147
o] FAXE HAEG o (Table 5), o] F7ist 3
2F FllA Tubulin alpha 2 f-384= 3.235¢] #he=, v
AHd 500 rad EAF ol 7R B FIPF 39 o<l
AAE BHvk o, 2de] gAa= ration of median
F217F 0.7 o3l fdA = 5= YeRg oy, dAgH

replication
T AE 1/}

=

EF 0.5 oj3te] 1271 #-4

& H3E Hole
500 rade] FAA AT T
HRl FHAAEY AP Aol

5| < Ao HEg FHR LA,
WAV ZALel tiete] &FREE #AE Vel Rt
E 7 57HE ©]E9 100 rad, 200 radelld dAWE
vjsls  tHTables 7, 8).

o] H]iZollA Tubulin alpha 2 %42}, protein kinase
F2A e} interferon alpha, beta, omega receptor
A}, 28] ras homolog gene family, member H &
ZAAbe] WE-2 200 radell Blwsled 500 rad WARA ZAF
gl ik weo] 2ds| FrksllEol ERIEAT
E3] Tubulin alpha 2 F3A= 200 rad A B}
500 radellx Bt 2.64) o]Fe] IE F7HE Hel Ao
FHEHFig. 4).

WSk fibroblast growth factor 12, early growth
response 1, heat chock 70kD protein 4, LIM do-
mains 3, Translocating chain-associating membrane
protein F+AAFEL- 500 rad A} 7N A3 vl

o] g YeEpiSith ol&

7 fAAEe) WA A}

Table 3. List of up regulated gene exposed to in U-937 200 rad irradiation identified by using the human cancer DNA chip

Name Symbol Accession No.? Ratio of median
nuctear receptor subfamily 3 NR3C1 AA664219 1.834
small conductance calcium-activated channel KCNN3 AA491238 1.723
SH3-domain binding protein2 SH3BP2 R48132 1.633
bone morphogenetic protein receptor BMPR2 B20203 1.63
GS83955 protein G83955 AA458653 1.629
pleigrophin PTN AA001449 1.604
telomerase reverse transcriptase TERT Al824948 1.583
ribonucleotide recudtase M2 polypeptide RRM2 AA187351 1.554
core promoter element binding protein COPEB AAD55585 1.54
5T4 oncofetal trophoblast glycoprotein TPBG AA425666 1.538
deoxycytidine kinase DCK AA448685 1.532
histone deacetylase 1 HDAC1 AA465353 1.529
NIMA-related kinase 823794 AA490263 1.52

2Gene Bank Accession No.

Table 4. List of down regulated gene exposed to in U-937 200 rad irradiation identified by using the human cancer DNA chip

Name Symbol Accession No.® Ratio of median
ribosomal protein S16 RPS16 AA668301 0.688
serine/threonine kinase 24 STK24 AA425401 0.686
FK506 binding protein 12-rapamycin associated protein 1 FRAP1 AAB08530 0.685
epidermal growth factor EGF Al480081 0.65
guanine nucleotide binding protein GNB2L1 R96220 0.641
translocating chain-associating membrame protein TRAM H15707 0.534
replicaton factor C RFC2 AAB63472 0.399

2Gene Bank Accession No.
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Table 5. List of up regulated gene exposed to in U-937 500 rad irradiation identified by using the human cancer DNA chip

Name Symbol Accession No.? Ratio of median
Tubulin alpha 2 TUBA2 AAB26698 3.235
Protein-kinase interfer-inducible L AAT790079 2.369
Interferon receptor - AA485426 2.36
Pleiotrophin PTN AA001449 2.142
Ras homolog gene family member H ARHH N90273 2.101
Prohibitin PHB AA055656 1.91
Deoxycytidine kinase DCK AA448685 1.896
v-akt murine thymoma viral oncogene homolog 2 AK2 AA457097 1.862
Primase polypeptide 1 PRIM1 AA025937 1.831
Protease cystein 1 LGMN AA425938 1.746
Growth arrest-specific 6 GAS6 AA461110 1.674
Rho GTPase activating protein 4 ARHGAP4 H70464 1.567
Manic fringe homolog MFNG H22922 1.562
Bone morphogenetic protein receptor type I BMPR2 N20203 1.512

#GeneBank Accession No.
PESTs gene.
‘Partial mRNA CDs.

Table 6. List of down regulated gene exposed to in U-937 500 rad irradiation identified by using the human cancer DNA chip

Name Symbol Accession No.? Ratio of median
X-ray repair complementing defective repair xrCC5 AA775355 0.493
Tousled-like kinase 1 L AA504521 0.493
Protein phosphatase 2 PPP2F5B AA129171 0.481
Mouse double minute 4 human homolog > N66001 0.477
Osteoclast stimulating factor 1 OSTF1 AA283693 0.474
Cathepsin C CTSC AAB44088 0.457
Ferritin light polypeptide - Al341028 0.449
Translocating chain-associating membrane protein TRAM H15707 0.425
Four and a half LIM domains 3 FHL3 AA460438 0.332
Heat shock 70 kD protein 4 HSPA4 AAB33656 0.306
Early growth response 1 EIGR1 AA486533 0.299
Fibroblast growth factor 12 GFG12 H19129 0.236

aGene Bank Accession No.

PESTs gene.

‘Partial mRNA CDs.

Table 7. List of up regulated gene exposed to in U-937 v irradiation identified by using the human cancer DNA chip

Dose
Name Accession. No.?
100 rad 200 rad 500 rad

Tubulin, alpha 2 AAB26698 0.9525 0.9965 2.552
Protein-kinase, interferon-inducible AA779079 1.269 1.051 2.369
Interferon (alpha, beta dn omega) réceptor AA485426 0.710 1.249 2.360
Pleiotrophin AA001449 0.923 1.604 2142
Ras homolog gene family, member H N90273 0.834 1211 2.101

2GeneBank Accession number.

Table 8. List of down regulated gene exposed to in U-937 v irradiation identified by using the human cancer DNA chip

Dose
Name Accession. No.?
100 rad 200 rad 500 rad

Fibroblast growth factor 12 H19129 1.152 0.576 0.236
Early growth response 1 AA486533 0.955 0.577 0.299
Heat chock 70 kD protein 4 AA633656 1.038 0.623 0.306
Four and a half LIM domains 3 AA460438 1.415 1.082 0.332
Translocating chain-associating membrane protein H15707 0.707 0.534 0.425

2GeneBank Accession number.
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Name

Tubylin, alpha 2

Tubulin, alpha 2

protein-kinase, interferon-inducible dou
interferan {alpha, beta and omegaj recep
Tubulin, alpha 2

Tubufin, alpha 2

Tubulin, alpha 2
Tubulin, alpha 2

Tubulin, alpha 2

1B Flags Rafiof Medians Median of Ratios RgnRatio Index
AAB2E698 - 3235 - 3084 4358 503 €=
AMB3T4 - 2448 2447 3280 505 €=
AATTSOT9 - 2369 2484 4811 335
AMBS428 - 238 231 3916 275
AABZEAE - 248 242 33 48 €
AR4ZBYTS - 2192 2179 3104 250 €~
(a) 500 rad

iy

ARGRO3TS - 0841
AAGTEOSB - 085 0897

ARG23628 -
(b) 200 rad

6.958

(RIO"
0915 503

27

Fig. 3. The result of GenePix interesting features report. (a) 500 rad exposed to U-937 (b) 200 rad exposed to U-937. Tubu-

lin gene was up-regulated after exposed 500 rad than radiation of 200 rad.

3.000

2.500

o
o 2.000
e = TUBA2
jy
O
‘» 1.500 e AATAO07Q +
w
o == AA485426 +
< 1.000
wi o PTN
0.500 —— ARHH
0.000
100rad 200rad 300rad
Dose

Fig. 4. Microarray analysis of up-regulated gene expres-
sion by IR-radiation. TUBA2, Tubulin alpha 2; PTN, pleitro-
phin; ARHH, ras homolog gene family member H. *, non
named, GeneBank No.

2o w2 W 74 E Fig. 59 =213} skt

K
[

B AgelA] U937 MEE o] &ste] WAk AL 244
Foll vehh=s M fHx 24 wsks BAE
100 radollx] 7V B wde] F718 vERd fAA=

1.6
——GFG12
1.4
e £ |G R
9 12
R ==—HSPA4
c 1
(_) ww FHL3
%]
@ 0.8
g o TRAM
x 06 |
[WN}
0.4
0.2 |
0
100rad 200rad 500rad
Dose

Fig. 5. Microarray analysis of down-regulated gene expres-
sion by IR-radiation. GFG12, fibroblast growth factor 12;
EIGR1, early growth response 1; HSPA4 heat shock 70 kD
protein 4, FHL four and a half LIM domains 3; TRAM,
Translocating chain-associating membrane.

thymine-DNA glycosylase 3 A2 Ratio of median
grol 1.2898 urERT}E. v-myb avian myeloblastosis
viral oncogen2- 1.2059] Ratio of median #o.% t&
FAES 1.2 EFE E71A &8tk diAHeZ 100
rad AR AL 2AAM = AES mRNA 2&e] W)
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7} ZA YehA = eksitky dakE ) Normalizatione
2 ¥3E7= sh, 100 rad 2ARRZINA] 1.2 o) &
7F2 ESl thymine-DNA glycoylase +32= DNA
damagee] @& F#HAZ molecular function®Z G/T-
mismatch-specific thymine DNA glycoslyaseZ &
2 o} Al 100 rad ZAF ZANA 1.29] expression
foldE YERd v-myb avian byeloblastosis viral cono-
gene A= transcription factore] 71%5g 7EAIH
Anti-apoptosis®] 3 e o= A o 2
o] 7FAEE JERE mutS homolog 2 colon cancer
nonpolyposis type 1 f-3xk= DNA mismatch repair
protein®2 &z lom, HJA] #HHPe 7HAE HIl
dCMP deaminase f+32te] A4 HAL deoxycytidy-
late deaminase® ©}2 gt 7|5& Welx UA] Fo
u zinc binding motif& 712 A28 F23513 . o
Al DNAY] #AF 42 nucleotided 7|WZ 3h=
thymidylate synthetaseZ 7]s-°] 834 It} 100 rad
oM A FAajviul HH Y Tkt s Hole fAA
E& U5 DNAY i3 Aol s faxtEolH,
Aagtou} Fxo] fAodsles FAAES] WHeldls 1 W
s A e & 4 Aok 100 rad WA o] HE
5 DNAo| £38 & 202 58 & dov ol st
Wol2 DNA F53 @A #Hg frxakse Idol

Z7HE Ae® B 4 9o}
g A, Tubulin® M ZWHol cell skeleton] FAdol 5=
=

=
1d 4 S4S & T $l= house-keeping genel.
2 o2 drt. 2 A5 ZA3HTable 7, Fig. 4)0lx Eo
T upel e AP ZAtel] WE Tubulinfrazte) 574
A dd F7Hs o] Xt WA FI7HIE mRNATE
oA HFo= Bgl AR AlEE, WM ol
Tubulin @ g 2] o] SolFoz F7RIthe & BY
= Porter et a/(2001)] ¢t dAld AAE HoEr)
Porters-2l A7 AFEe] E7AIX FollA 300 rade] #
APzARl 93l Tubulin @l o] ¢fo] Eojdoz
7=, o] whll ko] Syt Ao SHE wet
Hlgldog Z7kke HolFlnh. ol DNA &4 gt
g-E&o2 DNA9 HE7E F e &48 d4is 4%
apoptosisE HL7]A =H, o] A cell skeleton
& Wsls e, apoptosis cell signallingel] &
st S Ao F2HI Qo)

A Ee WA dis] g et #Ee) o
2 @mAlEe] Wl Jbd mE S ueilles
(Amundson et a/, 2000), A=AZ 28312 ok 5k}
Aofl AEZLUS 7ol FFE4 ol s BYPo g F

al

Zare] GAHARE 55 e o] 44 ol8E F
o 7 oo FAAL, DNA 4 S 28| 94
A ol W= 2 micronuclei %4 9Ho] o]L-Ft}. Micro-
nuclei HAFE WA oJsle] &4 v GAR= @

EGA] wAol]l 2)8le] daughter nuclei® Z271A] &
sk, ME EE330)M daughter cell?] o= 31
HE it e Ay e 2 AE FATHT @
HA e vl e=Z 7, DNA £ €Jst Tubulin
FAke) whg-2 u)-g- ooyt e AoE:M A W
Aol DNAo| doyle &4oi s Axst & 5 dS
S AlAFSHAL Tt

wEbA] 2 A oAl sk SHEE Tubulin £-424
o] WA T Zo] Mol mE WUy o] Ay o
ZARPF AP S Eo) gk SR HE AR = 3
H3k FHREHN AQtslAt s},

o]21gt Tubulin alpha 2 FA#te] o] &8} WARX o)

=

o Ho

rr

JE3E IR olg /FsT AR A" U-937 AlX
oA A Adgke] Wbl ofgt fdAr Lde) WslE F
ARom, o= AR EF NERFE FolmZ U
Q Axe] S8om £ 257 E Ao AlgEL)

AR Aol o)te] gakubg-ol AR o] A3
# FHAE(Fig. 5% HRAMA ] we} SdgAeS
Holz AFEEA GA] o]fo] 7hed Aoz 7.

W, FH Q0 Ege] 2B whge] 4480 o9
& J338= tumor protein 53(7P53) #E FAAE F
p53 inducible protein, p53-induced protein, tumor
protein 53-binding proteindllA s Aol wE W)
M3lxlo)| B E 4= Q19 Apoptosis#HE §HzEe] W
d SUbl= Esta pb3 #E HfHzES wWske
normalization Mol &3ted HAASLE VERRA] 22
Z o2 Rt

aAlel 2

¥ AT FE1eA F7h A4E F97] AL
el Amn)EAIHE M20104000013-01A0400-01521)
o Agow FUET

o

nEL]

—_

Amundson, S.A., Do, K.T,, Shahab, S., Bitter, M., Meltzer, P.,
Trent, J. and Fornace, A.J. Jr. (2000): Identification of
potential mRNA biomarkers in peripheral blood lympho-
cytes for human exposure to ionizing radiation. Radiat.
Res., 154, 342-346.



mRNA Expression of Radio-Sensitive Genes Exposed to lonizing Radiation 29

Amundson, S.A., Bitter, M., Chen, Y., Trent, J., Meltzer, P.
and Fornace, A.J.J. (1999): Fluorescent cDNA microar-
ray hybridization reveals complexity and heterogeneity of
cellular genotoxic stress responses. Oncogene, 18, 3666-
3672.

Beninson, D. (1996): Risk of radiation at low doses, in; Proc.
of 1996 International congress on radiation protection, I,
19-23.

Boothmab, D.A., Burrows, H.L. and Yang, C.R. (1997): Dam-
age-sensing mechanisms in human cells after ionixing
radiation. Stem. Cells. 15(suppl 2) 364-374.

Ge, J.L., Jin, H.Y, Jin, LF. and Gao, S.Y. (2001): Monitoring
of human exposure to radiatin with the binucleated lym-
phocyte micronucleus assay. Cancer Res., 61, 5948-
5949.

Hall, E.J. (1979): Radiobiology for the radiologist, J. B. Lippin-
cott co. Philadelphia, pp. 519-530.

Mossmann, K.L. (1997): Radiation risk communication in
human subject research. Health Phys., 70, 749-750.

Porter, L.A. and Lee, J.M. (2001): alpha-, beta-, and gamma-
Tubulin polymerization in response to DNA damage. Exp.
Cell. Res., 270, 151-158.

Rathfuss, A. (2000): Induced micronucleus frequencies in
peripheral blood lymphocytes as a screening test for carri-
ers of a BRCA1 mutation in brest cancer families. Can-
cer Res., 60, 390-394.

Sundstrom, C. and Nilsson, K. (1976): Establishment and
characterization of a human histiocytic lymphoma cell line
(U-937). Int. J. Cancer, 17, 565-577.



