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T ATk 0|9 & g MEALY] LHLE A
¥ol B Fegy ¢ Asiety w3l
g Fukste olE g A d MEALY EYE
apoptosis#t1 &1} apoptosis®] &L A
Aol vl Al AA A 2F Y PEg R
& - e S L A x| BAG M
A Y g FAFOZM ZF 9 ALHY
AR A& R 3HA B, apoptosis7t
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dojrie FU Y A EFLE FE2H2 £4H
o gho] M2l apoptotic body & 8 A 3l=H
ol e MEE AHAMEY XM X 93ld
T2 ") apoptosist FF nucleased] 4o
2 gojupA] &7)o & 50-300 kilobaseZ BIH.
A 3AA B} JFo= w9 32 oligonu-
cleasomal fragment 2 E T} " o]df] yis}a] A
ZIALE FAY NEEFL R dojye AX
A2 AE} WEA BFHT S P A
Fo] Bulg|y ol I3ty FFukgo] 2=
T}z o] 2] 8 apoptotic cell death® U 2.7)
= B0 o3& 2t Aol HAHI Y
= W@¥oly o8 ¢F, SLE (systemic
lupus erythe matosus), 3| E# 2ujo]2 A7}
¥ 594 apoptosis7} HAH L FHYHAE

%, Yz3folvy Foll A& apoptosis7t F71

‘3}"’ U1 olutel] s E ol ofdd, I
28 52 apoptosisE YA 8}3 TGF (trans-
forming growth factor)B, 2%, €, THAAA
(p53 ¥) 5 apoptosisE FE33 HIlH
RAo.m519 o] 2JlkALM o] L} o 7] 7HR] §¢A)|
2 AP E FFdxE 22 A EA
apoptosis7t dojuvte Aol EIFHUT ™,
apoptosis& H| i3 7‘47] o Lopd £ A= WY
02 FAEENE E 5 Jer old AsfA
= B a7t 9,131‘3}25 2} F7}A] apoptosis
o YR E NEE AAEu| o2 FE3}
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o & 5 AN HolN AFE ule} o] A
A Woll A apoptotic Al X XA A Eo|| 9]t
EAHEZ FE A|7F FoT EX) 5ty o] A
FEHE 2 Bty sddg. 29y
Darzynkiewicz 5*- apoptotic cell& DNA £
FAa43e Z4AZE QAAE 4 o DNA 23
< vEhll & T = Aol A pre-G1 3 3.9] 4
< %34 apoptotic cell?] DNA €3 o] A &
AE 7H53ads RIsHg. old ARE
DNA®] AegFoz JAHE Y49
propidium iodide(PI) 2 ¥4 ¥ A XEH
71& o] 8-5t9d DNAE AZ BAFo 2 A
¥ ¥ 43F7)4 ©1E DNAS $HAsE
338t o779 dMEF(KB, RPMI
2650) S} HAA EF(HGF-1) o] WAL ZALA]
apoptosis7} WA &}=71] of 9} HRALA oo
£ apoptosis®] HAFTE Fold 1A sFgo
o AME S M X9 LDH (Lactate Dihydro
genase) ¥4% 3l FHAtE M T %S B9l
83A} ok

.93 g X 9y
1. MES S NISZHHG

2 AYANNE 2 T AA SdMEF9 BA
AZHFENEFE ALL3AT GAEFE
FFAEF SO FPLe P FEAY
ZFMEQl ATCC No. CCL17(KB) & 365-372
Arjoll A AME-SHHASL QA Q) v FH A Ay
g BT RS AT AFTA LA ATCC
No. CCL30(RPMI 2650)& 32-36 Altho] Al
AFE BT B4 AR EAEZE 284 o
Aol doj= ATCC No. CRL 2014(HGF-1)
€ 9-12 Al AME-E gl

¥ A & Dulbecco’ s Modified Eagle s
Media (DMEM, Gibco, USA)¢] Fetal
Bovine Serum (FBS, Gibco, USA) 10% ¢
Penicillin-Strepto mycin (Gibco, USA) 1%
T 713t A3l ow 7)AH e HAo) 75
afQl T-75 S22 wjFLr)2 ALy
5% CO:z R 37°C AN A uj st
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2. HARMEAL

apoptosis&] LA LS 8213}7] 98] poly-
lysine coated slides (Sigma, USA) ol z}z}9)
AEE e on FAEEHS gaide
T-75 E823) 2x10570¢) N ¥ & LDH &
A& 8= 4 well dishol] 5x1070¢} N X E
z}zt o] wjkstd ot 29 ¥ 7} plates} 60%
S AIXYEE HolH Cs-137 TEAH L uHA}
A ZA}7](Mark type I, Shephered, USA) &
AHE3t A2oA HFE 2415 cGy/minE
2, 10, 20 Gy & ZtZ g ZAFSI o

3. Apoptosis £4

7}) Apoptosis &&

getol=o) Zhzte] AXES v g3ty wA}
MZAF 1Y F9 4% formaldehyde A XE 7
A 83 Triton X-1002.2 A2} & ¥ pro-
pidium iodide2 DNAE {438ty )7
2= 610nmolA FASIA

) FAZEY

WAL ZAL 1 A F 5x10709) AIXE 1%
methanol-free formaldehyde® I & 8} 3
70% ice-cold ethanolS B3 -20°CollA] 124]
7k 2t AFAF T dA4E (300 x g, 108)
¥ A ZE 1.5ml microcentrifuge tube & <7}
I BPAFAes $F F Triton X-1002.2
A2 ¥ RNase AE E£ 3%+ propidium
iodide® DNAE {43ttt FACScan 4 X
#4]7] (Becton Dickinson, USA) & Lysis II
program$ A3l DNA 2&SAETIRE
€3 AUTOcadl3 program< o} &3} DNA
&3] WE-&E 73y

apoptosis YA W-5-& B 372} 1ug/ml DNase
I (Sigma, USA) & 10¥7F A Al o] g
3L FAIEEY S A3t pre-G1 HAE &
Q3



4. Nt MOl LDH 24

4 well dishell 5X10' 7]2] A E£E Yol WA}
AZA A A o) Fd & D@3 FAFA A} 1%_1
Zo AAE M X9 2 &) Yt AL
50 4 96 well assay plateZ2 & AT o] #
positive control& 938+ 20,000:1, 10,000:1,
5,000:1% 3]4 3% LDH control €4 % 7+
plated] &712 WA= $Z ok LDH £4 A&
z} welldl] 504 713 A28 o] GAA
3087 Mg & A3 AAYE ¥¥ ELISA
reader2 490nmoll A A3}

I HPAME
1. Apoptosis 24

7}) Apoptosis #&

KB, RPMI2650, HGF-1 A ¥ Z5olA A
B A E G2 gt FIH EYLE
59 0 1} apoptosisE Al EE-L o] EEHo]
EEs BYgS HolAY °%Ei Ny FE z7
L2 FFHANUT 28D P2 7 AR Fo=
ME7F B-FolM AR g Hole Fol U
I AES AA i BEYSAT (Figure
la, b, c).

W) FAE 4

7t2% -2 DNA S A3 2718 Jehll 3 Al
2% DNAY & Jehf= DNALF3| &
EIYA 23 22 4843E 4

WAL S ZAVSEA] 92 KB AlEY Gl17)e
200 B9 A 9132 Hgon G271E 400 ¥
foll A 2 HAE BT pre-Gl ¥A =
45% 9™ G17] AlZE AA 2 64.0%,
S+G27] N E£ 35.0% I ot (Figure 2, Table
1). KBM X9 2, 10, 20 Gy ¢} ¥AbME ZA}s}
A& o pre-G1 A= 742 55.0%, 52.3%.

Ceil Number
£
G,
[
)
'S G2
~J vt
¢ ke ) <% fg0 1040

reiative DNA content

Figure 2. DNA content histogram of the
contol KB ceills.
Pre-G1 peak:4.5%

Table 1. Relative Percentage of the DNA Stage on the DNA Content Histogram according to

the Irradiation Dose.

Cells pre-G1 Gl S+G2
KB control 45 64.0 350
KB 2Gy 55.0 348 93
KB 10Gy 52.3 317 145
KB 20Gy 66.6 311 146
RPMI 2650 control 2.1 67.8 355
RPMI 2650 2 Gy 33 520 479
RPMI 2650 10 Gy 316 332 340
RPMI 2650 20 Gy 32.6 333 352
HGF-1 control 2.6 659 319
HGF-1 2 Gy 218 532 177
HGF-1 10 Gy 304 60.0 140
HGF-1 20 Gy 40.2 52.6 144
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Figure 3. DNA content histogram of the KB
cells irradiated with 2 Gy.
pre-G1 peak: 55.0%
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Figure 4. DNA content histogram of the KB

cells irradiated with 10 Gy.
pre-G1 peak: 52.3%
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Figure 5. DNA content histogram of the KB
cells irradiated with 20 Gy.
pre-Gi peak: 66.6%

62

Cell Number

§.
Gl
F
i
]
’S
\o 5%,
S~ T A e A

relative DNA content

Figure 6. DNA content histogram of the

control RPMI 2650 cells.
pre-G1 peak: 2.7%
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Figure 7. DNA content histogram of the RPMI
2650 cells irradiated with 2 Gy.
pre-G1 peak: 3.3%
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Figure 8. DNA content histogram of the
RPM! 2650 cells irradiated with 10
Gy.
pre-1 peak: 31.6%
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Figure 8. DNA content histogram of the
RPMI 2850 cells irradiated with 20
Qy.
pre-G1 peak: 32.6%
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Figure 10. DNA content histogram of the
control HGF-1 cells,
pre-G1 peakl 2.6%

Cell Number

o
4
£S§

SRR T ae e
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jgure 11. DNA content histogram of the
HGF-1 celis irradiated with 2 Gy.
pre-G1 peakl 21.8%

Ceg Number

e 300 1002
reiative DNA content
Figure 12. DNA content histogram of the

HGF-1 cells irradiated with 10 Gy.
pre-G1 peak: 30.4%, 35.2%RAC}
(Figure 7-9, Table 1).

Celt Number

¢ 200 [R73
reiative DNA content

Figure 13.DNA content histogram of the
HGF-1 celts irradiated with 20 Gy.
pre-G1 peak: 40.2%

666% R 2™ G171 M EE= Z7ZF 348%,
31.7%, 31.1% AL S+G27] AEE Zz}
9.3%, 14.5%, 14.6% ¥} (Figure 3-5, Table
1).

WAMI & RAMEEA] 22 RPMI 2650 A 2.9
G171z 200 B-9oiM W38 Bygey G27)=
400 K 9ol 2t W I E BAY pre-Gl ¥
T 27%R89 G17] AlxE A9 678%,
S+G271MZ= 355% 4t} (Figure 6, Table
1). RPMI 2650 A Xof 2, 10, 20 Gy 9] WALA
T NSRS pre-GINAE 22t 33%,
316%, 326% R 2. G17) AAX= %
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Table 2. Optical Density of the LDH Concentration in Supernatant according to the lIrradiation

Dose (S.D.).
0 2 10 20
KB 0.68(0.02) 0.67(0.03) 0.69(0.01) 0.60(0.01)
RPMI 2650 0.61(0.06) 0.62(0,07) 0.69(0.06) 0.66(0.09)
HGF-1 0.49(0.06) 0.47(0,01) 0.43(0.03) 0.47(0.06)

O. D. of the media:0.28
O. D, of the positive control:1.66
KB:CCL17, RPMI 2650:CCL30, HGF-1:CRL2014

52.0%, 33.2%, 33.3% Q3 S+G27] A& Z+
Zt 47.9%, 34.0%, 35.2% 91 o}. (Figure 7-9,
Tablel 1.)

WAL S ZAVSEA] 982 HGF-1 Al ¥ Gl
71 270 ®9 A HIE BHeH G2rle
540 2ol A FL WA Z Y pre-Gl ¥3A
= 26%%29 G171 AxE AA 9 66.0%,
S+G27] M E¥E 31.9%dAh (Figure 10,
Table 1). HGF-1A4 29 2, 10, 20 Gy WA
2 ZAEY S 9 pre-GlY A= 77t 21.8%,
304%, 402%F 2.9 G171 Al¥+ Z+Z
51.2%, 60.0%, 52.6% QY S+G271 ME= 7}
7} 17.7%, 14.0%, 14.4% QT (Figure 11-13,
Table 1).

2. AtEEH MIZZQ| LDH 24

AFEE Al E2] LDH ¥4 A3} AMIZAL
8] Z7}o] whet LDH o] ©& Z7hEA ey
EAZHOZ $93% 2ol E HolA&= &t
{Table 2).

V. && % Do

apoptosis &2 M| XA o7 7kx] FHAF
o o3l Yojuh= M EALS] T FE) R A2
%7]9) apoptosisol] ¥ 7 LA F2
B Fofol] g Aol Ak orfatH
apoptosis I} o] A} internucleosomal (spac-er)
DNA ¥-9jol 2310l gl WU AEwFF
2]o}lAl (endoge nous endonuclease) 8] &4
312 st W Al EZ Folgt HeEHE o]
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Aol dojutr] W Fo|tb** apoptosisE U271
= d=wF2 oA 25 NUC-18" DNase [,
DNase II* 5o] ¢4&A gloey dxwFeot
A2 A% DNAY £ ¥+ off: B &
&lt}. Barres 592 3 AE7 LA ME (oligo
dendrocyte) 7} 5& A5 94 A (chromatin)
9] ¥Zo] AAYE HV8YT Oberhammer
& A 29 apoptosisAl A AE+FE oF
AZ Q1% DNA £E9 FA= AT B2
3ttt B3 Cohen 5”2 apoptotic FAAME
(thymocyte) 8] 8-A EEA ) A internucle-
osomal DNA #4€ gl°o] §43 Fx9 H3pr}
AN B3 Arends 52 apop-
totic | ¥} 30% AT & o] £9-& F1lkax|
221 DNA 9 &3 ot YA 2] Wsrt Al
o] £E9 9] Fejisli ) apoptosis] YA
£ #Fst=d b f-43ita stk DNA
9] Aol W3yt A7) o] f-+ apoptotic
NEeo| 94A 9 77t Wstsr] FAd e
o] <13t apoptotic Al E ] & F o]} 249
A A EE apoptosis®] WA HE 9} vf-$- YA
Sty EXHAS apoptosis®] Fyt7ldE
A3 Ao E8xo 913 DNASH M EWEE
& X838 apoptotic body7b A 71 6H* 12,
apoptotic Ml Xl A gt i HAAA X
(necrotic cell)dlX £ DNA g9 £713
Ql Ay TFEIHA Fot AAMNEZ S HGME
£ DNA 3oz 738% &= gidh apop-
totic M E+ 432 %] Jei7t ARSI 7
15 E 3R $A 5822 trypan blue@H
L2 YR A= AEHNEE HFEYY.
a3 AN = AL WskEe shrl 59



71%58] /44 o] B X trypan blueg .2 HEE
F gleu® LDH ¥4 % 7}53ich

AE JE&E T shiel LDHE £8% 3
FEARA s A Ho|u* N N7} ¥}
HH MEReZ oA Hege® olRe &
< Ao T SAIG HFHOZ ENF
_/‘: 9\11:}45' 50»55).

B A AANE PAARA £ 2AaH
apoptosis& FA E5-4-S Zdle] Z7)d] B&3}
S " KB A X0 A = 2Gy ZAFA] pre-Gl o
A7}50% °©]/F 02 YeNGI T o]/l Al
Z 7l o Xpol= F Ak RPMI 2650 A o]
M 2Gy RAMA] th2 o] Hdte & A}o|r}
A2 10Gy ZAM] 2 F717F UL 10Gy
9} 20Gy XA = & Aol7t Rl HGF-
1 A ZAXE 2Gy A pre-G1 937} IA
S7HetR oW AL Frte) ulhel 21.8, 30.4,
402% 2 JAHQ F71 4L B} o] 7+
o] AN XA ¥ F I XY FF e
apoptosis®] && AT 7} Ggi=d A H 4R
A 3o H]ste] KBAH ZAE ©] Bo] whals}
RO} RPMI 26504 A= 287 217 d
AEdch B Aol A WAL o] 9] xpTdf
9] ¢ apoptosis®] HA L wiA s7] ¢ st
apoptosis ¥4& A8 3= A|ZH7HA] Al 2 E 0]
Z A3 Higo A 90% o]3te] MEUTE ¥
O|LF 3lo] HAALE QI A XL HE S x|
pi=d

FAZEN O ZE M E HAM 2] 71
Ho| E7M58EE LDH ¥4& Asfsigd.
WA ZALL o F iR o] WEE LDHE o
277 AP FANA F-8 Aolst YUt F A
8- 2415 cGy/minE 294 20Gy 2] HrALA-&
ZAEIA S W A EHALE = apoptosisd]]
o MEA} HIAMA A o] & 2ju]E 7
AT Agoh, WA ZANL o £9] LDHE
Aol Aab= AL A4 U F LDHEA S Al
8k ole} H99 A7AHSL Xolr} YA
Ol & WAL AL M ¥ 9] 79 ula} A}
HM X LDHYS o7 AATHT By 8tgy
o} o] 2 A7 A zpolE WAL ZAL F o]
A ATl 1 Y 4 YR M2 27 gRe
2 AZEY oA WAHARA & 2y

apoptotic M| E7} A A= A 5= g vt
gte] W F A M= AlZbko] AFsHA FA}
go] Qo] e HE= Ao Add

WAL ©] apoptosisE f & R ol YA
N FE A5 ol F o] &322} e A7t
o] F X AP, Delic T2 WHPE A}
oM 2Gy <] AMFFe] HALMAE F YT
A apoptosis7} HAH A& B3P on
Kubota & FAM LA = 5Gy 2] WA=
AFAl apoptosis7t Yo Wt-g-ol vl dte] wl Eojj2)
A EAM = 50Gy RAA] apoptosis7t Qo ik
28 BIsHI Gorezyca 52 HL-60
(leukemic cell) o] 20Gy o] WAFM & ZAA]
apoptosis7} YoldE H 3T} o9 7o)
M X9 Z59 Aol ot apoptosisE Y0.7)
+ AHAZALSE GYES ¢ 5 Utk p53e
FFAAFARZAN T4 T8-S FAAN A2
ZAd= ALE gBiA 2.5 o] A o] apoptosis
& doges Bk o H® Clarke 593
Lowe 592 353828 ¥da wALM L p53-
dependent pathway S £3}e X EALE o7l
O stttk webA p539] M-S TS WAy
Al B ol 2} 318EQ WA AL o) T E A
gAE F/AAANA ok IH Y Oltvaigt
Korsmeyer®' = H A3 A= 2% p537”
lympocytes WA Mo} W= A
Fdote FFAAE ps37d A=
apoptosis7} YAl 8l AS B sty A5
o2 WE/A BE3ls FUYAAME ps3dl =
A B2t EAFGI AR o7 WX
A e FUtt. ol9f 7ol Zpzte] A E S A B4
3} 73 3el] what WAL o] 9] % apoptosis 2] WA
o] ottt welA £ A7 G7AgGe A
E oA AR ZAL] 23l apoptosis] WA
o5 B A5 E s & Rl apoptosisE
WAL ZA ] wel JFH oz BNF x7)
AT77F Hol FFHEL B o= At AE
oA A WAMIZAIA] apoptosisE Yo F F Ue
7HE BEFQA ZAFS ol A A X
A& apoptosisE EY F UE ZAMFS g B
o EAFQA WAL R WAF 7% REE
g8 £ 5 IS AL E 7idhr
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V.28 B

FFAEF LA FFEE ATCC No.
CCL17(KB) <l 149 770 S-E I GFAHE
., ATCC No. CCL30(RPMI 2650) ¢! <A
9] B|FHNA B FIEIt R WYL
SEMEF, ATCC No. CRL 2014(HGF-1)
A N2AFRAHEF Cs-137 T2APL
AL ZAZIE ALS st A FE 2415
cGy/minZ 2, 10, 20Gy & @Y XA et ot
APAZAL 19 3] DNAG] Agdo g g4
£ 29 propidium iodideZ g4 ¥ 34
u7Zoz ¥ P § #FA}T FAEEH7]
g o83l ME EE 2 AAF7]d &
DNALZHIN2EDYS A3 APET A 29
LDHEA4E 8o g3 22 A3}E 43U

1. AR Z A} Fof KB, RPMI 2650, HGF-14]
¥AA FFFHu|Ao R FIdY Y& &Y
F AUt

2. A E EHOoE dojxl DNAGHI|ETD
Yol A pre-G1 A= I 2F, 2, 10, 20Gy &
ALl A KBM £ A E 45, 55.0, 52.3,
66.6% Q3. RPMI 2650 LM E 27, 3.3,
31.6, 32.6% 407 HGF-1M XM= 2.6,
21.8, 30.4, 40.2% = et

3. G17] MESE KBHARJAAE 2Gy ZALE
B g, RPMI 26504 £ A= 10Gy TASF
28 343 ZAas9oY HGF-1A4 2ol A
= AR BAgle] A ZaAaTE BHY
=3

4. JA+E KB, RPMI 2650, HGF-1A] ¥ 9|
LDH¥A Al F94 e Aole .
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-ABSTRACT-

IRRADIATION EFFECT ON THE APOPTOSIS INDUCTION
IN THE HUMAN CANCER CELL LINES AND THE GINGIVAL FIBROBLAST

Moo-Soon Park, Sam-Sun Lee, Soon-Chul Choi, Tae-Won Park, Dong-Soo You

Depantment of Oral and Maxillofacial Radiology & Dental Research Institute,
College of Dentistry, Seoul National University

The radiation-induced apoptosis was studied for two human cancer cell lines (KB cells, RPMI 2650
cells) and the human gingival fibroblast cell line (HGF-1 cells). The single irradiation of 2, 10, 20Gy was
done with 2415 cGy/min dose rate using the *'Cs MK cell irradiator, The cells were stained with
propidium iodide and examined under the fluoro-microscope and assayed with the flow cytometry a day
after irradiation. Also, the LDH assay was done to determine the amount of necrotic cells.

The obtained results were as follows:

1. On the fluoro-microscope, many fragmented nuclei were detected in the KB, RPMI 2650, and HGF-1
cells after irradiation.

2. On the DNA content histogram obtained from the flow cytometry, the percentages of the pre-G1 peak
of the control and 2, 10 and 20Gy irradiation group were 4.5, 55.0, 52.3, and 66.6% on KB cells, 2.7, 33,
31.8, and 32.6% on RPMI 2650 cells and 2.8, 21.8, 304, and 40.2% on HGF-1 cells respectively.

3. The number of Gl-stage cells was abruptly decreased after 2Gy irradiation on KB cells and 10Gy
irradiation on RPMI 2650 cells, But there was a slight decrease without regard to irradiation dose on
HGF-1 cells.

4. There was no significantly different absorbance in exiracellular LDH assay along the experimental cell
lines.

Keyword:Irradiation, Apoptosis, Flow Cytometry
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Figure 1-a. Fluoro-microscope of KB celis (20 Gy irradiation, X200).
Apoptotic cells with fragmented nuclei and pedunculated protuberances the
cell surface.
Figure 1-b. Fluoro-microscope of RPMI 2650 cells (20 Gy irradiation, X200).
Apoptotic cells with fragmented nuclei.
Figure 1-c. Fluoro-microscope of HGF-1 cells (20 Gy irradiation, X400).
Apoptotic cells with fragmented nuclei.
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