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A2, 3P, A, e, dAE, A
FRFYAAY (F) PAIRAAT
HFBNSGE Fsist AEAGH

A 2

Al WA g3 fEEHE dA 4P didt #HajderE HAFFEY  (Linear
Non—Threshold, LNT) 7}de] A% FAEHC 21 Q=d o] 7L FEA Y S4S Ho
£ 2AF WA BHE sl 9 Agus mdolth T o) FHEE oF 25 Gy o8t
o A YA FETH T daiM e dus 4 71dS AAA X3k A1

Atkinson (1989)2 WAFHE FAMSH Algae7]- gz w8 AAEE7 mEgs S 3
53 [2], Luckey (1982)& T3 7€ A5 E Aeste] WA SHAA AFE AR
L owe W Az wabdel BB A4, WY, AASYSY, A%, 27, P 35,
FA Aol o ALY 5, WY F7, ¢ 2AAA 59 #EH Yokn FAAAG
[3].

L

Aoz Y oA AE&HQ o]E, AF QA &
| 2 Jlse] B2 AFAER s F AMHZE PARA o
83 e #AE AFAIIA 1 vk ZEY ZeAA @Y ERE
g3t 71do] dEA A ool HYFEY /MEH =L
4,5,6,7]. olZAL ME, A 9 A A 7|HCE Q& 25 cGy ©|3te WA}
g BEs) 01?371 g Folth, wekr] AMFg AR B Fo] A A=
‘% } °ﬂ o3 AESH &4 P F AE Aojgke F§ wg &
3 At} Olivieri 5 (1984)2 HIFE o] &3 AFA A=z v
31 WAL e 8 fFEHE %‘*—‘l’xﬂ oldel AFAHE ZA Akes F
, O1ZA WA THA AL & O dAbolgtn FASSTh
AR T Ed AEE DN EFETF7E & olqHA 9gks A & LA A A Ry
Aﬂi—: 2318 AEIALE FEstA Hed, 25 271 AdZF da S8 AEAA AE
ARZE F7bsthe o] AR R YA AAMAEE o] &3 A7oA Hu @ uF vk $E, FH
FAANEE o]&3 AFAE AETAF 238 #areon B HYo [9]. =3 wARA
e A-gRksanz A AAF PAA A HEZH Z DNA 45780 F7tshs 202 B
HAed, 25 Ao o8] DNA EF-&o] Fr7lshd audE AMEAX BgEo] #Aaxdty
F o ok [10].
ATl e A7 FAR HFEeRbs EHEZA AXNA L DNA S| &7 #AdE AXYy @
ol @Y 1M 9 F vludte] AMZF YA & oH AR # Eli A=, 1
WALA B Zeof] diulste] oA AE FHANE FAANE F UeAE gAFgozH AdF
Pl et F8AA AESH a7 %“}% Zoltt., Mt & AFoA = B lymphoma
AEFo HARAE AL AZTA A4 2 NIZALGAA FE2E ot i
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AEZrejok 2 WA A} 0 Human B lymphoblast cell (IM—9, EB—3)& 3= L7804 T
A3le] 10% FBS, 1% penicillin—streptomycin®] £¥ RPMI 1640 uijx]ollA] F& vjekstsich,
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FHES -ﬂsﬂ e SRR (137CS, IBL 437N)E o]-£39 0.8 Gy/ming A%F&
4 2 % 2x10° AXES 60 mm disholA 12412 v F AMF PapA
A FARE o 4AIZE Fo gt ”’“"* WA S ZALEE] A|ZPEE 33 o] &3t
AL AZEE 89 : AXEL Z7] 8 HFoZ ZAMEY 96 well plated] well 3 1Xx10° A
XER BFEa AEE adsdg. vt T AX AEEE S Y3k MTT (2mg/me) &
25 ut A7Vt 4N ST F AT S AAST DMSOE 73t Formazane—% SaAI7] &
540 nmol|A ELISA £47]& o|&3tY FFEE 33 AE AXTE FA33oh
Caspase—3 AT &9l : v|U¢E AEEL HAA ZAF & A7HE=E Hﬂ%ksh_’— PBSE A|#3}to
Cell lysis buffer (Cell signaling)& ©]&3te] F d#AS FZ2JY. FEd Id9dS
Bradford (Bio—Rad)& ©|&3te] F#Zstx, 20 pgd] @¥AE Caspase—3 7]& (Calbiochem,
colorimertic, 200 uM) ¥} &3t AZAA FAHdE ¥ g wel 37TelA 30-120%
ZF A2lg & 405 nmellA ELISA #4718 <439 FZEE FA33h
DNA fragmetatlon assay : Z+ A7, A "'*% AE FEZRH 47 AX lysated dof €94
238 & PBSZ 33 AH33 LaboPass™ Blood mini DNA purification kit (LaboPass) &
o]-&3l] DNAE E 3t} a3 DNAE A3 T 1 pg/wellS 1.5% Agarose gelo] 7|
A58 EtBr 294 3087 935t DNA fragmentations <184t}
Western blot analysis : WA ZAF 3 A X TAF 2 DNA €AAET 9 A9 dwzgo] wgs
3l Y& 7+ A|EXES PBSE A& ¥ protease inhibitor cocktail (PIERCE)e] #H7I¥€
M-PER Mammalian Protein Extraction Reagent (PIERCE)E 7}3le] @iz & F&33c).
FZ9 9¥A2 BCA reagent (PIERCE)E o] &3l A3t SDS—PAGE| &) #e3 ¥
PVDF membrane®] ©¢]#&3&$ith. Membraned] Zol® WA JFH= AxdAeE HRP
(Horseradish peroxidase) § & ©lA3 A& Ab&-ste] 2RA F X-4 FFo =&t L@
< FAE .

o
:

l

2 %

1. YAMA A o2 AE AEEC] W3
B AFoE B-PIZ o] thate] WA E AR & A7t Ao g AE AEXFE &
A3, AEANETFE DAET ALY F HlFAI ] JESLY F AEXFTAAN EF HASS
o (Fig. 1).

1.0 EB-3 1.0 M-S
——12h ——12h
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Fig. 1. Effect of 7y —irradiation on cell viability in B cell lines. Cells were
irradiated with various doses of 7y —irradiation and were then incubated for
indicated times. Viability of cells was determined by MTT assay.
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2. EB-3 A|XoA "AlA ZAle] wWE Caspase—-3 84 % W3
B AXaAF F oA caspase—39 B3I Bl wel A 2% AlE AL Q)
o]A caspase—39% #HHAAL Qs zzt 3t Campothecin (10xeM)S FAAYZRTLOR
ko] WA S FALSE MEF A caspase—39 AL vud B Az, BAMAE FAFSHA
B SR vl dqAFeE o] FUEE U £ AN 53] 2, 4 Gyd AA
oA o] Aol A YebEE FAsTh o8 AdFAAE BAMAY 2§ AXE AL Aol
caspase—3 9]&ZQl FHFolgts RS AARIAY (Fig. 2).

oGy 26y 4Gy 86y cPT
Dose

Fig 2. Caspase—3 assay of 7y —irradiated EB—3 cell line. Cells were
irradiated with various doses of 7 —irradiation and were incubated for 5
days. After cells were harvested and lysed, supernatants were collected.
Caspase—3 specific substrate (colorimetric substrate) were added to
supernatants and measured at 405 nm by microplate reader.

3. EB-3 A E A BALE XA} & Bel-2 family 92z W3}

Pro—apoptotic F8AFQ! Bax WAMAS ZAMEA] @2 MEFQ H|wdtgS W 2, 4, 8
18 4= 919t} 3kA]9k Bax® endogenous inhibitor® €& A
h=] o

Gy°ﬂf‘1 BEo] FIRSE g
T Bel=29 2L 2 GyolA 2do] ozt F7ENE B 4, 8, 10 GyolAdxs BAME =
ARSEA] @2 ol uldte] FAMEE 2 S BAY. T3 anti—apoptotic FA A1 Bel—xL
9 A, BE APTAA FAFE 2 S A & A}JH (Fig. 3).
_Dose (Gy) _Dose (Gy) _Dose (Gy)
0 2 4 8 10CPT 0 2 4 8 10 CPT 0 2 48 10 CPT

5 o e o | Bl-2 [ e | Bcl-xL w”*” »m‘ «¢ Bax

Seruswrww |4 B-actin | Srgvnceraves | B-actin | wwureswrwew | < B-actin

Fig 3. Western blot analysis of y —irradiated EB—3 cell line. Cells were
irradiated with various doses of 7y —irradiation and were incubated for
72hrs. After cells were harvested and lysed, cell lysates were subjected to
immunoblotting with anti—Bax antibody, anti—Bcl—2 antibody and Bcl—xL
antibody, respectively.

4. IM—9 A EZj A WAA FAF & DNA fragmentation ¥ 3}

WA A F AEIANE #E3QE] Hs MEIAY dFF
fragmentationg #Jsok. AFAFH 1.5 5 cGyYd AAZE PARA
fragmentation®] Ao R Fro}, HGMFE e 3 AR @42
ol JEZ2H o7 DNA fragmentationo] doljd2 FHstgot (Fig. 4). &
cGyd AAMZFEE WA FAEIIE S wol= DNA fragmentation &37} 7438}
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o} 53] AR ZA} £ 20A7Hde] ZadAbe] Bl
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5
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e
Fig. 4. DNA fragmentation analysis of 7 —irradiated IM—9 cell line. Cells
were irradiated with adaptive doses (1.5, 5 ¢GY) of y —irradiation and then
were irradiated with challenged doses (2, 4, 8 Gy). DNA was collected by
DNA isolation kit. Each wells were loaded 1pg DNA on 1.5% agarose gel.

5. IM—9 A XA WA ZA} & A ETAF B8 galzo] W}

Western blot 23 Caspase ¥ Bcl—2 family @229 W&ok H3lH A goror}, ©&X
PARP ¢} p53 @A vlo] AMZFE AL HFo) JEF o2 AR S FUAdAT (Fig.
5). o]l AZo= RIFR %Oy, Pro—Apoptotic @A Bax, Bak, Bide 2% A
ok W3letr] gkl Western blotd] A3z B o, WA ZAbe] 93 IM—-9 Al E 1A}
%3 Caspased] 847 2 O pathwayd F5td AXTAL o] FolW e Fastsct

p53

PARP 8 —actin

Caspase~7 Bel-2

Fig. 5. Western blot analysis of y —irradiated IM—9 cells. Cells were
irradiated with adaptive doses (1.5, 5 ¢GY) of y —irradiation and then were
irradiated with challenged doses (2, 4, 8 Gy). After each cells were
harvested and lysed, cell lysates were subjected to immunoblotting with
antibodies which was related with apoptosis.
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LAy

ZH2A (UV) B 28 dAPgARde] 23t DNA &4 9d @ (SSB), °l&7td Ad
(DSB), DNA-DNA cross links, DNA—&¥32 cross linksS F%3l= Rz ¢8Ad =,
FAaA o, mAE MEAL FAAE T AESH ad= o o]F7t2 DNA Aa¥% 4%
ol dotx sttt [11]. A AR &) xalH e o]F7te DNA £42 DNA 57714, Al
EF712 A, AX3AL 53 2L A5AE HE2EE AT olF SANSAZE Ay BT
£ X33 AP Wols FAE AATY. RS FAAILAA o] FRE FAE EAEC]
AAdE gt By Ho|, o] A&7 FEEANS Adsted Fog A4S s AR AAR
o [12]. 92 é‘:—"o”éi % 2% Ex9 el Chk2E ATM @i & #4s}t= o
DNA #4d3 AEF7E 22T Als &4 & & *E}ﬂ Chk2+ Cdc25c¢9] &4& A8t
o S Z& G2 7] 'il%:* /‘1]37} TFAMEE7IZ AYEE AE AT, a8 3 Chk2E p539
A4S JAEE mdm2E AAS7] Al p539 serine 20 -r-ﬂg A3} A7) 3, PARRIAFZ A
p532 Z43 #HUY serine 15 FHE A3 AA p539 Y AL Et&t} [13]. &34
p532 AEIALE {3t bax® #E FAAY AANE FEFHL, CdksE  HAFE
p21WAFVCIP Lo gdglale] G17]) AL AT [14]. ABArdel a A &4 ug
I #EE & 2= ATM familyoll 43= DNA-PKo]t} [15]. DNA—-PK+ 450 kDa2 &
S 7FA 1 9l DNA-PKcs$t Ku70/Ku862] EFAZ o]Fo]x 9low Ku70/862 &4%
o] 7" DNAE AX s AEst, &4% 7192 DNA-PKcs? #Eo o3 EFHE Ao
g4 AH[15]. DNA EF7F AR o] A A 42 AEE A Caspase dRAFS &4
sl o3} METALE FE%TE AIF (Apoptosis inducing factor) & njEZ =g olo] ER)3t=
flavoprotein® . 84 AIXITAZ} 22 u nEECgol2HE & Y2 AYse A EIAE 5
3t dlEE gepoey, Caspase"ﬂ )& FEE T AE A F23 wiAEA &
43t wdldoltt [16]. =3 PARP-19 A2 AIFA U AAE A BLIH ole
PARP-1 9&3ql "ﬂi-l-’\}*’ﬂ AIF7} 23S AT [17]. o A¥8Zd 3 EB-3 AXe 7
Tolle WA o8 fFEHE AEZ AL ZelA Caspase 3-4 g4 Z7tE Q18 Caspase 9
8 AE3A A2E T AF ¥z Fig. 2, 33t IM—9 MEE Caspase ¥ Bcl-2
family 9] ©@eizlo] gA)7 ok el #M3lsl gtk ®3 PARP ©¥AS Caspaseld @47 £
3tA cleavage’l dolds &<l Aot (Fig. 5). ] =& AFAE A A= \%9}0"]’ A E 5
ARl T8 A E<Q Ceramide B JNK w@¥ide] &40 = st MEITAY 754dS 81317
93] Q43 JNK DP““%_]EZ] Western blot 23, #37F QSS &t o= M 9 MX
9] A$ WARAY] g8 FEHE AETAMA Caspase$t F#31A] PARP @& &Ale] 9
3t AIF &@¥izo] & Y2 AdHo AXIALE FET Rolgdes 78S AAST ol8s AEx
AF 7178 BAS A HEF AT BAM X EA AERIANE 4o F e FES WY
o2 o AEaHE FAANA £ ot Azt

DNA &7zl ATM % DNA-PK Go| ZHIHT AEXF7E AAA7|= HeE 48R
=, #Z, ATM ¥ DNA-PKS &4& dASEES o FHEwkE a3/ JehvA fEstctz
Miuras (2002)2] Ry T FHEIT ot [18]. o]gst Bl o] B A AnE
HolFA ZPA AXAAEE digh HSuks dAdo IM 9 AEFAME YeER}A] Fglon
ATM3 DNA-PK9 A3} ?—:1_01‘474 e AL G AT, AAH Aol Ay
DNA mA&f9e &35 F3 o] L 3 EA7]7] 9 g ??_ T gy gAse] FAHEOZH
SRS ETNE FEAUTE Ikushlma (1996) 2 Ao AAst] & of [19], A Y= 7
o] A& Hkg A= DNA &49 3 5ol gt A7d Aoz AZtdt

o
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HetA, QAAZAN BLHE VS ETE DNA £4 33 o|9)e] AT} So] BaAs7] o
£ FengaAol O w1 Bal7] QM AT DNA £4] 98 B35 wn
A3+ AETAF 3 DNA &4 3] 9 AsAGAA ) el me} e AT} WAHojoF & R
o},
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