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=Abstract=
Analysis of X Irradiation Related Genes in HL60 Cells Using cDNA Microarray

Keon Uk Park, Mi-Sun Hwang, Seong-I1 Suh, Min-Ho Suh, Taeg Kyu Kwon',
Jong-Wook Park’, Jae-We Cho?, Eun-Ju Choi’ and Won-Ki Baek

Department of Microbiology, Keimyung University School of Medicine, Department of Immunology,
Keimyung University School of Medicine', Department of Microbiology, Seonam University College of
Medicine’, Department of Obstetrics and Gynecology, Taegu Catholic University School of Medicine’

Recently developed cDNA microarray or DNA chip technology allows expression monitoring of
expression of hundreds and thousands of genes simultaneously and provides a format for identifying
genes as well as changes in their activity. In order to search for changes in gene expression after X
irradiation in HL60 cells, cDNA microarray technique was done. In this study, expression of 588
human genes (including oncogenes, tumor suppressor genes, cell cycle regulator genes, intracellular
signal transduction modulator genes, apoptosis related genes, transcription factor genes, growth factors
and receptor genes, cytokine genes, etc) were analyzed. For cDNA microarray analysis mRNAs were
extracted from control and 8 Gy-irradiated HL60 cells. As a result the changes in expression of several
genes were observed. This alteration of gene expression was confirmed by reverse transcription-
polymerase chain reaction. The expression of heat shock 60 KD protein, c-jun, erythroid differentiation
factor, CPP32, myeloid cell nuclear differentiation antigen, MAP kinase-activated protein kinase,
interleukin-8, monocyte chemotactic peptide 1 and RANTES genes was increased, but the expression
of p55CDC gene was decreased after X irradiation.
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R
1. MIZHHQ B AR ZA

ATCC (American Type Culture Collection)®l| 4] HL
60 MEFE Foitol Aol ARE-ISITE M Z )

-300 -

F7

%-& 10% fetal bovine serume] €l RPMI1640 Hll
A& AHEEFA 5% CO,, 37°ColA) ujgstda] A9
stk Agol sl T AEE 5~10%10°
cellsml®] F=E FX31AA wd3isich BAAd
FARA A E 3.5%10° cell/ml F%2 27 100 mm Al
ZajFd Al AEE B3 HE7H7] (ML-15-
MDX, 6MV X-41, Mitsubishi Co., Japan)& ©]-&3}]
wekg-719] A 1.5 em, Wl 6 em T
acryl o X-A9) build-up FHATS B AT}
3 M E 200 ¢Gy/min2] A4 (Dose rate) 22 Hr
APE ZALSIT

2. DNA fragmentation assay

AR S ZAVEE 0.5X10° M5 eppendorf-tube 2
#30 F 2,000 pmol A 287 AAdEtd MEE o
£ % 20 pi¥ lysis buffer (20 mM EDTA, 100 mM Tris,
pH 8.0, 0.8% (W/V) sodium lauryl sarcosine)®} 2 1119]
RNase A (5 mg/mlE 43 37CoAlA 1417} incuba-
tiongt = 20 pl2] proteinase KE ¥l 50T A 14]
2+ 30% incubationA}Z{Th 7)ol gel loading buffer
5ulE YW1 48 T 1.2% agarose gel 2 dry gel elec-
trophoresis & A A 5}53 T}

Al
Ax

HI

3. Propidium iodide F4& 0|8+ RMZE

HL60 A|¥E PBS (Phosphate buffered saline) = 41
Habar 2x10° AIE Z | mi2] ethanole H7}8hi
4o 15717 Fof AEZE AT 1,000 pmS
2 443 3 A58 AAHSEEL 1 mi2] Pl solution
(propidium iodide 50 pg/ml, RNase A 0.1 mg/ml, NP40
0.1%, Trisodium citrate 0.1%) 2.2 AFEFA7 o}
47Ce) 1217 & 3 FACScaliver (Becton Dickinson
Co., USA)Z E4813it}.

4. cDNA microarray &4

¢DNA microarray #*]-2 Atlas Human ¢cDNA Ex-
pression Array I (Clontech Laboratories Inc., USA)& A}
Bate] AzAlellA AlFes AR et AFst
et

1) mRNA 22|

Al g FAVE MEE PBSE A3k 5x10°
M X T RNAzol B (Biotecx Laboratories Inc., USA) 1
mlg- AH8-31e] total RNAE £33l 500 pg total
RNA®| DNase I (Boehringer Manheim Co., Germany)
50 wnit® H2jste] E5kE O] = DNAE AAskL
Oligotex mRNA kit (QUIAGEN Co., Germany)Z A}-&
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Table 1. Primer sequences used for RT-PCR

Name PCR primer sequence Product size (bp)
GAPDH Sense 5' CGTCT TCACC ACCAT GGAGA 3’ 300
Antisense 5' CGGCC ATCAC GCCAC AGTTT 3'
Interleukin-8 Sense 5' CGGAA GGAAC CATCT CACTG 3' 822
Antisense 5' CTTGT GGATC CTGGC TAGCA 3'
Heat shock protein 60 Sense 5' AGAGC TGCTG TTGAA GAAGG 3' 334
Antisense 5' TTAAC AGAGA GGCCA CACCA 3
c-Jun Sense 5' CCGAA CTGCA CAGCC AGAAC Y 419
Antisense 5'CTTCC TCTCC GCCTT GATCC 3'
Erythroid differentiation Sense 5' GTGAG CAGTG CCACC AGAGT ¥ 377
antigen Antisense 5' GTGGA AGGAC AGTGA GGACC 3
CPP32 Sense 5' CTGCG TGGTG GTCAT TCTCT 3' 408
Antisense 5' TCAAC GTACC AGGAG CCACT 3’
Myeloid cell nuclear Sense 5'CAGTG GCCAG TAAGA CTCAA 3 449
differentiation antigen \ cense 5' GTGAC TTCCA CACAC CAGTT 3
MAP kinase-activated Sense 5' AGTCA TGTGA CATGT GGTCC 3' 418
protein kinase Antisense 5' CGGTT GTTAG AGGTC TTCAG 3
Cell division control Sense 5' GGCCA GTGGT GGTAA TGATA 3' 385
protein 20 Antisense 5' GCTCA TGGTC AGACT CAGGA 3
MCP1 Sense 5' AACTG AAGCT CGCAC TCTCG 3' 207
Antisense 5'GGACA CTTGC TGCTG GTGAT 3'
RANTES Sense 5' ACGCC TCGCT GTCAT CCTCA 3' 208
Antisense 5'GTTGG CACAC ACTTG GCGGT 3'
SDF1-8 Sense 5' CAGAG CCAAC GTCAA GCATC ¥ 393
Antisense 5'TAAGC TGCTA CGTGT CGCCA 3'

3led mRNAE ¢ £33t

4) Hybridization

2) cDNA probe ZH|

23 1 uge mRNAS o-*P-dATP, oligo dT (16
mer) primer, MMLYV reverse transcriptase (50 unit/ul)&
mix3}3 70C 2%, 50°C 22% 8F-3-A)A first strand
cDNAE 333k

3) Column ChromatographyS 0|28t cDNA
probe &2

CHROMA SPIN-200 DEPC-H,0 column (Clontech
Laboratories Inc., USA)S Al-§-3le 3p2 EA g
cDNAE 354 & o§9 o-P-dATPS} 0.1
Kb ©]3}9] small cDNA fragmentol| 4] £2)3}%3 T},

- 30t -

4] 5 cDNA probeZ ¢DNA microarray membrane
ol hybridizationS- ] 33} t}. Hybridization2 hy-
bridization chamberE& AF&3}e 68°CollA] A 8§aloict
Salmon sperm DNAE £33} hybridization solution
(ExpressHyb hybridization solution, Clontech Laborato-
ries Inc., USA) 2.2 68°Coll~] 3027t prehybridization
%, denaturation*] 71 ¢cDNA probe (2F 200 pl, 2~5x10°
cpm)E ¥ 33} hybridization &40 2 68T A4
hybridizationg 151k A1 8 8}3ith. Sodium dodecyl
sulfate®} SSC (Sodium Sodium Citrate)2] wash solu-
tion©. 2 A& 3} autoradiogram e A& 3toich
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5. Reverse Transcription—Polymerase Chain
Reaction (RT—PCR)

vkl Aol Al RNA2] ¥-2]+ RNAzol B (Bio-
tecx Laboratories Inc., USA)S A&}t e
RNA 4 pg$ oligo dT (16 mer)E AFE-Eo] MuLv
reverse transcriptase (Perkin-Elmer Co., USA) & <} Z1A}
(reverse transcription) S 4] @&} o). PCRS 10X reac-
tion buffer (15 mM MgCl,, 100 mM Tris-HCI pH 8.3,
500 mM KCI) 5 ul2} 10 mM dATP, dTTP, dCTP, dGTP
7 1 M, 212131 30 uM sense 2 antisense primer
(Table NE 742t 1 WE ¥ EFA 1 ue ¥
AlZ1 ¢DNA reaction mlxtureQP 2.5 unit®] Taq poly-
merase (Perkin Elmer Co., USA)E ¥ § T2
50 W= 858 8501 30 ple] mineral oil S &3S
% DNA thermal cycler (Perkin Elmer Co USA)E A}
&38to] PCRE Al a3l GAPDH Az 222
A= 22 cycle, 2L 9]9] & FAAES] TEHE
e M = 25~28 cycleS Al33FAT} TE% PCR
AHES agarose geloll 1719953 - band2] density
& 3743to] GAPDH 3zt tigk RT-PCR Ao
7} band9] density’s 243 & AnE £k

i

74
=

A=)

WAL Ao whE HL6O AE ] apoptosisS 2
Q18}7] $13le] DNA fragmentation assay & ] @3}]
8 Gy2] WA AR apoptosis7} =8-S &18}

Tt (Fig. 1). 8 Gy2] WA S FALSlAL propidium
iodide &34 T FAIE X712 #2138 A3} subGl
fraction®] S7}8le] apoptosis7}F =58 ThA] 2l
g 4= o n] G2/M fraction AIXE47)F FA3 F
7Vg Hof AR FA] 2%t
= FAHY (Fig. 2).

HALA (8 Gy)S FAFSH

G2M7] HA %

HL60 A %9} FA18HA)

M C 6 12 24 48hr M

Figure 1. Photograph of electrophoresed gel showing
apoptosis-like DNA ladders in HL60 cells after X irra-
diation (8 Gy). C: control HL60 cells, M: 100 bp DNA
ladder size marker.

Table 2. Induced and repressed genes in HL60 cells after X irradiation

Atlas code” Genbank accession Gene
Induced
All Jo4111 Transcription factor AP-1 (c-Jun proto-oncogene)
F5f Y00787 Interleukin-8
C4l U56390 CPP32 (Caspase 3)
A2l M81750 Myeloid cell nuclear differentiation antigen (MCN-DA)
Bom U09578 MAP kinase-activated protein kinase (3PK)
F7b J03634 Erythroid differentiation antigen (Inhibin-beta)
B7j M34664 Heat shock protein 60 KD (Chaperonin)
Repressed
ASn U05340 Cell division control protein 20 (pS5SCDC)

"Code of Atlas Human ¢cDNA Expression Array I (Clontech Laboratories Inc., USA)
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Figure 2. Flow cytometry analysis of HL60 cells after X irradiation (8 Gy). HL60 cells after irradiation (30 min, 1 hour,
3 hours, 6 hours and 24 hours) were stained with propidium iodide and analyzed as described in Materials and Methods.

22-& HL60 M| E2] cDNA microarray autoradiogram erythroid differentiation antigen (EDF, Inhibin-B), Heat
(Fig. 3)& M= B2} g-tubulin, B-actin 52 & shock protein 60 KD (HSP60) 52| 2} o] =
A} 2E S intemal control £ B ASHA 1y x}o) 7}5]0] 113, cell division control protein 20 (p55CDC)
7b e FRAE AR A3 ARG AP-1 FA2e] Bdo] g o E e T (Table 2).
(c-jun proto-oncogene), interleukin-8 (IL-8), CPP32 ¢DNA expression array HE o2 H 7} e
{caspase 3), myeloid cell nuclear differentiation antigen RO UEhd olF FAAE Fos A x
(MCN-DA), MAP kinase-activated protein kinase (3PK), AFE (0.5, 1,3, 5,24 Gy ZAF 6217 )3} wbabA
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Figure 3. cDNA microarray analysis of changes in gene expression of HL60 cells after X irradiation (8 Gy)

Dose-Dependent (6hr)

Time-Dependent (8Gy)
4 8 16

20 Gy cC 0 1 3 5
GAPDH ‘

IL-8

HSP
C-jun
EDF
CPP32
MCN-DA
3PK

P55 CDC

Figure 4. RT-PCR analysis of relative changes in IL-8, HSP, c-Jun, EDF, CPP32, MCN-DA, 3PK and pS5CDC mRNA
expression levels after X irradiation. Total RNAs from control and irradiated HL60 cells were subjected to reverse
transcription. C: control cells.

ZAL £ A7 (8 Gy EAL F 301, 1413 3414 ZALEIIE) (Fig. 4). oWl GAPDH r-3zke] &k
5A1ZL, 2423 A L@ USE RT-PCRELE 2 TATeE iy 7 48 78Re G'E Wl
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Irradiation
C 05 1 3 5 24
GAPDH
IL-8
MCP1
RANTES
SDF1-Beta §

hr

Serum starvation

1 2l 3 4 day

Figure 5. RT-PCR analysis of relative changes in chemokine genes expression of HL60 cells after X irradiation or
serum starvation. Total RNAs from irradiated or serum starved HL60 cells were subjected to reverse transcription. C:

control cells.

Z*}%@ _1401] H] Eﬂ &}
FAAE 8 Gy ZAF F 347
i 8~16 Gy ZALF A 74 Z7tEo] 9l
SATh CPP32 A= 8 Gy FAbol|A] walo] 7p4
ko™ Alzte] Zulol Hlgslol walo] Zr)slel
a1, MCN-DA$} 3PK frdAb= A ek} A|7ke] 7
aol] A9 wleslA F7FsFAtk pSsCDC 4 A
ZALER A7) v |ste] ddo] Hap A
B3
IL-8

A
T
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nocyte chemotactic peptide 1 (MCP1), RANTES, stromal
cell derived factor 1-B (SDF1-)2] &S FA}a}o]
B3It} (Fig. 5). MCP13} RANTES7} WA ZA}
A1Zre] A ate] we}l F743k3l o, SDFI-BE
&o] e x| it

Chemokine®] & =7} WA ZA} 15 apo-
ptosis®] 118 E2FNA] o} HL60 Al apop-
tosisoll WERL= %IJ“?J HSRRIA & Yolry] ¢
5ko] apoptosisE fridhs thE 2719 serum starva-
tion “g Efjol] A1 chemokmeQ] 4 S A8 Star-
vation A|te] F7Fgtell whe} IL-83 MCP-19] &
2 713301 RANTESS] @& WAk 24

&
T
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=
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AxF71e] Make G17] BA, §71 A4, G271 BA
%ol = Aoz deA ok o G17] BAE= F
Z ps3 FAAY] #A3le] W p21, GADD4S &
o] A3l W Reoz A dem™, G27] A
A& cyclin B #Axke] @A 2] =& cde2 kinase
o &4l o3 Aoz BuEe] et g7
A A& replicon initiation®] AL} DNA chain elon-
gation2] Aol ojsf VEhdtin B mEoe] glou
T sk Aol Wisir = o HWaEs] delA 3l
2| gkt

¢DNA microarray 7] &2 & 2o 7jgd Nz
EAAELR 7oz FAld FEL e 2
AEE 2AME F & 7IHe s geA gtk o]
A& oA cDNA microamray 712 T3dWsl7}
Rt FAAE 4o E tHA] RT-PCRE #3117 &
HsE AN A7 5 Ade] At daHd 9
Al W}9}A cDNA microarray®] 845 thAl &1l
g = Uk HZele A7l 74 7)Ee] o]
gal A AEstE Al 2Ee) Ado] A REI lo]
FF o}F F43% 7ol @ Aoz AR,

¢DNA microarray®} RT-PCRZ 237t Jebd
FA2 F AARIAR g7 ¢eEZ AP-1 F c-jun
2 AR ZAL] o)) w9 FUMF REHUE
g, cjund Z7|NFS FAREA HAMA ZAL &
Z7]9) H#o] 7kt cytokine, AR T #
e f=gcin defA U,

3PK @22 JNK/SAPK (c-Jun N terminal kinase/
stress-activated protein kinase)9} p38ell <l& ¢i4tat
%]+ downstream molecule 2 & ol &g thiA
ot} ’ALM FA}, A}9)A FA heat shock 5 Al
X stress ‘g3l A fE £ apoptosist INK/SAPK
o} p38 Ala gl &4dstet B aol LeiA

T A D
ATk Stress A&7} G0} AW MEKK! (MEK kinase 1)
o] A7} o|Folx #/dslEl MEKK1-> MKK3
9 6 (MAPK kinase 3 & 6)2 14k3}3t] thA] p3g
< #43}8tAL), SEK1 (SAPK/ERK kinase 1) B
MKK4 (MAPK kinase 4)& &4 33l SAPK/INKE
FA513L0 M apoptosisS 23T} SAPK/INK =
c-Jun®] Ser-63% Ser-73& UArElSled AP-19] 23
& e ARl HES 583w Z7MAIt
akz} A} TP, o] Aol WA ZA}F 3 3pK9
o] 27k AL p38, SAPK/INKS 53 thiyz
o] &3} ¥yt ol FHA HHFIME BAAM

S AR - apoptosisl] TlEH S AAFSH,
o] Z7hE CPP32 F-HAH= apoptosisel] #hod

A}
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3} caspase cascaded T3 @ FAZA] Poly
ADP-ribose polymerase (PARP) 52 B|E3 2% ¢
WA S A8l effector molecule 24 apoptosis 7
Aol Jogtia i oS At zalel 2
&) f=% HL60 M3E2] apoptosis A Fol| Z7}
3 o2 Azt

HSP60-2 chaperon @1 d Z stz uha]A 9l
t}. Chaperon2 A E7t#] 483 2 7]de] o} ¥
&2 A= LAITF heat shock 522 Y2} |
g 92 il & AAdE FrolMe und 7
Z9] 982 =Z 53] = hydrophobic region®] &
Holl =250} imreversible multimeric aggregation©]
ot 4 QA | B SHAES AR EH o5
o] AAFEZEE refolding HES FE 7152 7P,
#H2o] AT Bao] w=w HSP60 ThA o] upst-
ream activator caspaseEoll ¢ 3 CPP329] €At
EoE Z8% 98 uta G, o]2 1|
Fo] Hol WAL ZAlel| 23 HSP6O Tl F
o] Oy FuE WAM ZAR] o g &4
& A7) A YERE TE doeH, e
apoptosis fr=ol] W& CPP329] E4d3le} B =<
et B X o
MCN-DA @122 A F3o]] EA3PAAM Nucleo-
lin® E3AE A8l YY1 AARIZLY &3]
7)e33}31, human myelomonocytic lineage cell®] #3}
o] Hdsl= I A Z A interferon-aoll 9J3] L& o)
Z7ecka 4eiA 1o}, EDFE human monocy-
tic leukemia cell lineQl THP-1°} phorbol esterE * 2]
PE o v AF Aol A BT Gy A RA
K562, MEL 59 AM¥&e] HET £3lo] #olst
=3 HL60 M *E 2] monocyte differentiationoll & &
otk n A, °o]% MCN-DAY EDF9| 7]
S 138 o YA ZAL] 98 vERd MCN-
DA & EDF frdate] #dS7he Akl Al
23k MEL JolLt apoptosisel]l &3 HEE AT
Bohe BAbd Z2A o3 o719 AEFT)Y] &
el 7iAe HAHARN LAFIHE Azbech

Chemokine chemotaxisE F&dte AF|ER]
o2 opuieAt ME 5] wek -CXC- Ei= -CC-
chemokine © 2 ¥-FHT}, o] AgoA= IL-8, MCPI,
RANTES, SDF1-82] 230 tha] 2Ats5iEd o
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