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Purpose : To evaluate changes in expression of cell cycle related genes
during apoptosis induced in HL60 cells by X-irradiation to understand
molecular biologic aspects in mechanism of radiation therapy.
Material and Methods : HL-60 cell line (promyelocytic leukemia cell line)
was grown in culture media and irradiated with 8 Gy by linear accelerator
(6 MV X-ray). At various times after irradiation, ranging from 3 to 48 hours
were analyzed apoptotic DNA fragmentation assay for apoptosis and by
western blot analysis and semi-quantitative RT-PCR for expression of cell
cycle related genes (cyclin A, cyclin B, cyclin C. cyclin D1, cyclin E, cdc2,
CDK2, CDK4, p16™2 p21WAF! 27XP! EoF PCNA and Rb).
Results - X-irradiation (8 Gy) induced apoptosis in HL-60 cell line. Cycline
A protein increased after reaching its peak 48 h after radiation delivery and
cyclin E, E2F, CDK2 and RB protein increased then decreased after radia-
tion. Radiation induced up-regulation of the expression of E2F is due to
mostly increase of phosphorylated retinoblastoma proteins (ppRb). Cyclin
D1, PCNA, CDC2, CDK4 and p16™*** protein underwent no significant
change at any times after irradiation. There was not detected p21¥AF' and
p27"'"! protein. Cyclin A, B, C mRNA decreased immediately after radiation
and then increased at 12 h after radiation. Cyclin D1 mRNA increased
immediately and then decreased at 48 h after radiation. After radiation, cyc-
lin E mRNA decreased with the lapse of time. CDK2 mRNA decreased at 3
h and increased at 6h after radiation. CDK4 mRNA rapidly increased at 6 to
12 h after radiation. There was no change of expression of p16™K*2 and not
detected in expressin of p21"A"" and p27"' mRNA.

Conclusion : We suggest that entry into S phase may contribute to apop-
tosis of HL60O cells induced by irradiation. Increase of ppRb and decrease of
pRb protein are related with radiation induced apoptosis of HL60 cells and
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tosis of HL60 cells induced by irradiation. Increase of ppRb and decrease of -
pRb protein are related with radiation induced apoptosis of HL60 cells and
this may be associated with induction of E2F and cyclinE/CDK2. These re-
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1. MIZH W HAMEAL

promyelocytic leukemia AXF<Q HL60 HEFE
ol ATCC(American Type Culture Collection)22
BE] Fokutel 2% 10%el/mlolA 10X 10°cel/ml F=
2 10% FBSE %3 RPMINB40 AXujgdo
36T, 5% COx00A v fRstgith WA ZARA]
o= 35%x10%el/ml =2 27 100mm A Zujok
Al AEE  EBEFsln A E7HE71Mitsubishirl,
ML-15-MDX, 6MV X-X)& o]&3&}o] uig-87]e] &
3l gdoll acryl& o] X-A9] buid-upd Tt
£ BASD ME 8Gyd IS AT
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2. Trypan Blue Exclusion Assay

AR Z2AF AR YA RAF B 6, 12, 24, 48
Azt ol Z47} 0.4% trypan blue 50 gl A Euig
A 50ulE 23 4232 F hemocylometerd] ¥ 1
E F AXFE Ao AENESFE AFsH

3. Apoptotic DNA Fragmentation Assay

05%x10°718] AMXE eppendori-tube® $7 %
2000rpmoAi Al 283 Q4lste] AIEE A& F 20u]
9] lysis buffer@0mM EDTA, 100mM Tris, pH 8.0,
0.8%(W/V) sodium lauryl sarcosine)$t 2ulg]
RNase A(BmMg/mNE H1 37TelA 1A incu-
bation¥ ¥ 20 ¢19] proteinase K& Wi 50°Co|A
1222 wreA1ZATh 97]e 6XGel Loading Buffer
(GLB) 5p18 ¥3 4& ¥ 12% agarose gel®
dry gel electrophoresis(A719%)& QA& gch

4. SDS-PAGE % Western Blot Analysis

WA ZAL AAF AR XA B o6, 12, 24, 48
At Feoll AEE0] Lysis Buffer(10mM  Tris-Cl
(pH7.4), 5mM EDTA(pH 8.0), 130mM NaCl, 1%
TritonX-100), 0.2M phenyl-methyl-sulfonyl fluoride,
proteinase inhibitor cocktails ¥ d-gox 30E7
T F 9489 4598 33 F BioRad protein
assay kitZ FFsEch doj id REL SDS-
PAGEZ A7)9g% 31 nitrocellulose paper(Millipore
A, Immobilon)E  electrotransfer® Al 3st4ch
transfer® membraneS Blotto-29(5% skim dry
milk in TBS-T buffer)e] ¥ °} cold chamberdjol A
12X ®H{shaking)3tth. Blotto§ 9L AAstm
dapaHA] gB(H2)el) 241 T3 TBS-T buffer2
AXHT g ojAgA SAARpAR 1437 T
°]& tiA] TBS-T buffer® M#H& F Enhanced
Chemiluminescence(ECL, AmershamAhZ T34
. cyclin A, B, D1, E9} E2F, PCNA, cdc2, cdk4,
p16, P27 GuiEd] it YAFAE SantacruzAle)
AEES, Rogt p21d] thgt A= pharmingenAt
o AES AHEEE.

5. RT-PCR (Reverse Transcripion-Polymerase
Chain Reaction)

1) RNA 22|

PAPD ZAL HA3} AR 2AF F 3, 6, 12, 24,
482 Fo Z4Zr wigE MEES dAse 2

RNAzol B(Biotecx laboratories, Inc)E& 1ml ¥
A3 0.4ml2) chloroform®& €3 1527 & s
% 4TCo) 587 F3ch olA& 12,000mm, 4T=E
158 Y4sld F39e A tubeE &0 F FFY
2-propanol& ¥ -70Ce] 2417 #HA 3| o] &
12,000rpmoll A 4T 158 48l RNAZALE <
& & 75% cold J&r-&2 AHs}3 Speedvac con-
centrator(Savant Co, U.S.A)lA 583 A=A o
< o7]dl diethyl pyrocarbonate(DEPC)AEE =&/
F 10018 ¥ol %9 F UV 2FFEAZ 55 ¢
$EE AT -70TH pasgct

2) cDNAZHM

a8 RNA 4xg% oligo dT(16mens Al&3tS
40p) €02 HHAHreverse transcription)E A} & &}
Ak wSEF AL 4L RNA 4 pg, 5mM MgCl,
50mM KCI, 10mM Tris-HCI(pH 8.3), imM dATP, 1
mM dTTP, 1mM dCTP, 1mM dGTP, 1U/uz| RNase
inhibitor(Perkin-Elmer Co.), 25U/¢l MulV reverse
transcriptase(Perkin~Eimer Co.), 25uM oligo d(T)16
oln], Wh& AL 42T 1A}, 99T 5%, 5C 5¥°
2 34k

3) mRNASQ] utday 242 28t PCR

PCR2 10Xreaction buffer(15mM MgCl,, 100mM
Tris-HCI pH 8.3, 500mM KCI) 5 g9} 10mM dATP,
dTTP, dCTP, dGTP Z 11 283 30uM
sense 2 antisense primer(Table )& 42t 1 upl&
¥ mixtureol] 1419 WAl ¢DNA W&-EFEF
2.5unity Taq polymerase(Perkin Eimer Co.)& %
L X FFHFE S0uI2 £%S 253 30p19 #
(mineral oil)& %3 F DNA thermal cycler
(Perkin Eimer Co.)E AM&-3le PCRE& A|33tHTh
DNA denaturation 95C 1%, annealing2 60T 1
, extension& 72T 2802 3le GAPDH #3#
Zs 3ME 25 cycle, UHA FARE FE
AsME 30 cycled AT FEY PCR 4

10u1E 1% agarose geld] AZNIEH F
ethidium bromide® @432 UV transilluminatore
A g 939k

Mo o ofy Mz
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HALA ZAM 93 AEe) AESEE R
3 3.5x10°celi/ml o AEo] 8Gye) X-A& ZAE
T AEE WYSAN PAE 2A AT 24 F
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Table 1. PCR Primers Used in This Study

Genes Sequences Product size(bp)

cyclin A Sense 5 CAGAA TGAGA CCCTG CATTT GGCTG & 615
Antisense 5 CAGAT TTAGT GTCTC TGGTG GGTIG &

cyclin B Sense 5 CCATT ATTGA TCGGT TCATG CAGA 3’ 585
Antisense 5 CTAGT GGAGA ATTCA GCTGT GGTA 3

cyclin C Sense 5 CCTGT ATTAA TGGCT CCTAC ATGTG TG & 510
Antisense 5 GGTTG CCATC TCTTT TCTCT CATCG A ¥

cyclin D1 Sense 5 ACCTG GATGC TGGAG GTCTG 3 402
Antisense 5 GAACT TCACA TCTGT GGCAC A 3

cyclin E Sense 5 GGAAG GCAAA CGTGA CCGTT & 638
Antisense 5 GGGAC TTAAA CGCCA CTTAA &

CDK2 Sense 5" CATGGAGAACTTCCAAAAG 3 901
Antisense 5 CTATCAGAGTCGAAGATGGG 3

CDK4 Sense 5 ATGGCTGCCACTCGATATGA & 912
Antisense 5 CTCTGGGTTGCCTTCGTCCIT 3

pi6 Sense 5 ATGGAGCCTTCGGCTGACT 3 464
Antisense 5 GAGCCTCTCTGGTTCTTICA 3

p21 Sense 5 CGGGATCCGGCGCCATGTCAGAACCGGC & 509
Antisense 5 CGGGAATTCGTGGGCGGATTAGGG 3

p27 Sense 5 GCGGGATCCATGTCAAACGTGCGAGTGTC 3 615
Antisense 5 GTGAAGCTTTTACGTTTIGACGTCITCTGA 3

GAPDH Sense 5 CGTCT TCACC ACCAT GGAGA 3 300
Antisense 5 CGGCC ATCAC GCCAC AGTTT 3.

6, 12, 24, 48 A7+ trypan blue dye exclusion A
Hoz AEHATASF(viable cell counting)E 133}
ArHFig. . 1). AEAZAS 23 PAEE 2AEA
B AXE ALHY AFRIAR AZAXF} 7
8t confluent’3 el =2 o] %ol dAE w7z F
7HEtg oy, WA ZRAREAANE o 642 F71A
AES Wslrl govt Alge] APELE YEAX
F7b A2 ol AE AXe gas) WAl
ZAbel|l 9% apopiosis?] ZAIRIXE Lolrr] 3}
o] DNA fragmentation assayE A)&3dcHFig. 2).
HAbY ZAHBGY) ol HLEO MXF7} apoptosis7t
FEHE AE AZEE DNAE Egsiedd DNA
fragmentation assay® ZAMSE A WAL ZFAL F
12X)7H5-E] apoptotic DNA ladder’t #&=7] Az
3ol 24A)%F, 48AIZto] =HWA EWEA Jeht 8
Gy WA ZAMZ apoptosis7t WAL & = ¢
At

AL ZAM o8 HLBOAIEF2] apoptosisel
oA AEFY] FE HAR LHY WEE =AY

—e— Control
—a— Radiation{8Gy)

Numbers of Cells(x10%/mi)

0 T J T T v T T 1
12 24 36 48
Hours

Fig. 1. Viable celi counting of HLE0 cells, Cells were
seeded at concentration of 3.5x10° cells/ml on
time 0. Viability was determined by trypan blue
dye exclusion test.
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A3te] 2+ AEFY) BE 99g TFE western
blotr o2 =AW tHFig. 3-10). Cychn AE HAL

M1 2 3 4

5 M

Fig. 2. Photograph of electrophoresed gel showing
apoptosis-like DNA “ladders” in HLB0 cells
after X irradiation(8Gy). Lanes 1-5: 0, 6, 12,
24, 48 hours after irradiation, M: 100bp DNA
ladder size marker.
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8|24 3¢l ppRblphosphorylated Rb protein)e] %
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& A7) fste) R RT-PCRE Aldstsich
(Fig. 11, 12}. cyclin A, B, C2] mRNAE A =
Ab AR A 122A08E 2de] SN
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Fig. 3. Western blot analysis of relative changes in cyclin A, cyclin B, cyclin D1, cyclin E, E2F and PCNA
expression levels after irradiation. Lysates from control and irradiated cells were subjected to
immunobiotting with anti-cyclin A, anti-cyclin B, anti-cyclin D1, anti-cyclin E, anti-E2F, or anti-PCNA
antibodies. Lanes 1-5: 0. 6. 12. 24 and 48 hours after irradiation.
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Fig. 4. Western blot analysis of relaive changes in CDC2, CDK2, CDK4, p16™<2 p21"W4! ang po7*™
expression levels after irradiation. Lysates from control and irradiated cells were subjected to
immunoblotting with anti-CDC2, anti-CDK2, anti-CDK4, anti-p16™® anti-p21%*", or anti-p27KIP1
antibodies. Lanes 1-5: 0, 6, 12, 24 and 48 hours after irradiation, P: positive control.

Control

pPpRB
pRB

Fig. 5. Western blot analysis of RB protein in control and irradiated HL60 cells. Lysates from control
and irradiated cells were subjected to immunoblotting with anti-RB antibody. Lanes 1-5: 0, 6,
12, 24 and 48 hours after irradiation.
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Fig. 6. Expression levels of cyclin A protein in control
and irradiated HL60 cells.
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Fig. 7. Expression levels of cyclin E protein in control
and irradiated HL60 cells.
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Fig. 8. Expression levels of E2F protein in control
and irradiated HL60 cells.
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Fig. 9. Expression levels of CDK2 protein in control
and irradiated HL60 cells.
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Fig. 10. Expression levels of Rb protein in control
and irradiated HLBO cells.
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Control IR
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Fig. 11. RT-PCR analysis of relative changes in cyclin A, B, C, D1, E, and GAPDH mRNA
expression levels after irradiation. Total RNAs from control and irradiated cells were subject-
ed to reverse transcription. Lanes 1-6: 0, 3, 6, 12, 24 and 48 hours after irradiation.

Control IR

cdk2

cdk4

p2 lWAF 1

p27K[P1

Fig. 12. RT-PCR analysis of relative changes in CDK2, CDK4, pi6"*@ p21"*' and p27™' mRNA
expression levels after irradiation. Total RNAs from control and irradiated cells were subjected to
reverse transcription. Lanes 1-6: 0, 3, 6, 12, 24 and 48 hours after irradiation, P: positive control.
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cyclin E/CDK29] #8 Z7hsk= o] g& Aoz
ZEth HL0AEFE TPAZ EIRFE=sEL o
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B A Ee SAARAN] s 3¥He] HEEX
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