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AT 2| 400 HHg LAH0l Apoptosis® fZ0 DIXle ¥&

ulg2 g Rell o]date] Foke AAAZ oM Fok ME
9 olAFAL g3} 7o sgick F, FRNTE AA)
GE FEE JA-og Bol 0025% Trypsin A&l &
A2 ABA|7|I Sweeney TEIZ EFAA, ©Y Bg3i=l
ZHAET dgirk. ZRMERES 4Tl 1500 pmoE Y
ARA AL FAE odo] o|F thAl ARt A
B35 AZEY 10 plol] trypan blue Fok 990 ME 45
o]%F 10 pvt #zlod 1008] Fu|Zsloll A hemocytometer 2
A AESF AFsldek. ASE AEFE JjEeE 5X
10°70e] AEE wps-2 s Boll FASIch Fokel AR
F 2~33] caliper2. ZA3le] Wi o] FFF7 10 mm
ol B2l of A¥E Al
2. M3 A 50| 5

Foke A9l OCal, 719kl HCalZA] o]5L PCR-
SSCP A ps3e] Ett AAHQ FokSolch. WM o]
3 AL Wl tzHololA] OCalst HCale] TCDSO 7
A AR} 27} 526 Gy 2 80 Gy oj4o|x” 25 Gy =AM
ZHIAAAE 27 1279, 0390 o]2x ik 25 Gy
ZAA WA 28 apoptosis?] G- $-F(apoptotic index)
A, HdX7t 22t 129%, L1%eg Bad bt g0 &,
OCaT& WAl wizket Foko g, HCale WA oz
Fglo] U= Yt

3. HARM ZAL & Al2Q] HH

BAA ZAE cobalt-60 WA ZAZ(HHE 073 Gy
min}E o|-§ste] M4 A 2AE At AHA] =
Aoz 005 GyE ZABLE 4A|7F Foll X 58ko & 25 Gy
£ A A4 2A90ch Aggoz 25 GyE A AL
FAL Wo] £ HCale a3t Az FUidsk
A a7k g QAT At 24w Q> 25 oy 24
F 4N vheaE AR BTANY F E2F2AS A
F3ksiet.

4. ApoptosisQ| B}

AN 229 YRE RN DANAA shlel T
wfk 4 pm BHE TE0] hematoxylin cosin AL Al
shirk. oln] 203 apoptosise] Weisd SRl whak” u}
S8 ZHELA apoptosise] T2 F7HIA}. Apopto-
lsise] 7H 400w 2 Hulzgatola Aeled, 100074
A} apoplosisE FhAck.

5. Western blotting

AHG =29 ohE Y¥- westem blotting & o]t
apoptosis? HAHY FHEHL] LHE EAsck AT
27 o | mm'E A P50l QA AFHPBS, pH 7402
33 AEE F 05% NP40, 1 gml dithiothereitol (Sigma
Chemical Co., St Louis, MO), 10 /ml of PMSF (Sigma), 20
mM Tris-hydrochloride (pH 7.6), 150 mM sodium chloride, 5
mM EDTA 5§ E¥shc W S5dolA 147 Helsis
th o]F 4TolA 2087 AAEelsted o] faljsio]
e FFAE AUk L <A GoHL polyacrylamide
gelollA] 100 voltZ 1X)7}F EQF A7|gEAZ] & nitrocellulose
membrane & 2. o] EXZ L o]& 5% 2R 52} 0.1% tween-20
E F¥sl= PBS (blocking Mol] 2417 FtF Aelatsr £4
S s 2 SRR Uig 14 A 243 A
o} A£3 1% HZe pS3 (Ab 7, Oncogene Science,
Manhassett, NY), Bcl-2 (Ab 7, Oncogene Science), Bax (p-19,
Santa Cruz Biotechnology Inc., Santa Ctuz, CA), Bcl-X (Ab 1,
Oncogene Science) 528 A4 3| A7t FAeh= 558 A
slgictk. vk PBSE Al&3li horseradish peroxidase 7} 33
Hol gle ¥4 v ¥E7 ¥ g6 ¥A| (Santa Cruz
Biotechnology Inc)Z 1A]7} jg]lit & ECL Western Blotting
Detection System (Amersham, Arlington Heights, IL)2 A8}
of x-4 &gl etz band 9] FHE FHEA U
d& 2Ad w8 F9 H7ke densitometry (CSC
chemiluminiscence detection module, Raytest, Straubenhardt,
Germany) & ©]-8-3te F4{33c}

6. A 24

Apoptosis 72| W] HA]2 Student t-7RE o]l
o4& =248k

d I

1. 0.05 Gy XX 2|8t apoptosis T =9 s}

OCa-Iol|4] WAL 2A 3 427 Ajol] Hol& apoptosis 2|
FE 5 005 Gy, 25 Gy &5 24 AlE 1000702 7
7} 41, 2928 JERG) 005 GyE AAXs)I 447 Fofl 25
GyE =AEF 7Sl AE 100070 2294 chFig. 1A). 0.05
Gy 2 25 Gyl 9Jslo] dlld=l= apoptosis T 7 7379
apoptosis 2] FollAl N=F9| apoptosis & A3 7k
Ql 3240]] wlslE < 30%PE 7AE Avelm f-oJd Xo]
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Fig. 1. Radiation induced apoptosis in murine tumors, OCa-l (A) and HCa-l (B).
Tumor-bearing animals were given 0.05 Gy pretreatment alone (pr), 25 Gy challenging
radiation alone (ch), or 0.05 Gy followed by 25 Gy (pr+ch). Shown are numbers of
apoptosis per 1000 cells in mean+SE. Significant difference was seen between observed
and expected level in OCa-I (A) at p<0.05 by Student’s t-test.

Table 1. Effect of 0.05 Gy Pretreatment on 25 Gy-induced
Apoptosis in Murine Tumors

expected observed eXpected

HCa-l 9 15 14 20 21 1.05
OCA-1 9 41 292 324 229 070

Control 005 Gy 25 Gy

2 Uehgek(p<005). W HCaIolAE ol48l apoptosis:
23 A7 A7 YA ARE Boln YlekFe. 1B).
% OCatolahe A1) el Sjttel apopioisd] 4

S%o| AR oLt HGllAE AA%e] BAL) o
dako] BEIA ShRkrh(Table 1)

2. Apoptosis =H EZ 49| w3}

Apoptosis®] ZAe|| Fofsl= A EAY W A4S
Western blottingS £8}0] BAls}e}. ps3, Bcl-2, Bax, Bcl-X
ZAHE Y OCalollA] ps3L thzTel| vlslod, 005 Gy
ZAT, 25 Gy ZAF 9 005+25 Gy AT 242 08,
15, 20 wje] 715 H9rh Z, 005 Gye AXx]7} 25 Gy
ZA Fof p53 9] §E FE §9 AoE Hd Bd2g}
Baxe Wd gF9] Foho] #ARAE kot 005425
Gy ZAFolA Bel29] Wdlo] BaxE A3lsls AE ¥4l
t}. Bd-X& Ad 2851 ggkehFig 2 A, B).

HCa-Ioll4] p53-2 tjz=Foll nlsled, 005 Gy =A%, 25 Gy
ZAF 9 005~25 Gy 2AFRolA ZH2E 09, 2.1, 2.6u)9] =
7He HolA] OCale] 739t #A3 1 e i%it}
Bcl29t Bax 8 Foll Qlol4] A9 W3lE YehhAl o
Stk ¥bH Bel-X+= 005 Gy XS] AMFA % 2762 4
3P 25 Gy =AT 9 005+25 Gy AT 77}
32, 3382 4 58 $A5%IcHFg 3. A, B).

sol

TG N ——
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N
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Fig. 2. Expression of apoptosis regulatmg molecules  in
OCa-l. Tumor-bearing animals were given 005 Gy
pretreatment alone (pr), 25 Gy challenging radiation alone
(ch), or 0.05 Gy followed by 25 Gy (pr+ch). Shown are
Western blotting of p53, Bcl-2, Bax, and Bcl-X (A). These are
quantitated by densitometry and plotted for p53 (@), Bcl-2

(A), and Bax (M) (B).
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Fig. 3. Expression of apoptosis regulating molecules in
HCa-l. Tumor-bearing animals were given 005 Gy
pretreatment alone (pr), 25 Gy challenging radiation alone
(ch), or 0.05 Gy followed by 25 Gy (pr+ch). Shown are
Western blotting of p53, Bcl-2, Bax, and Bcl-X (A). These
are quantitated by densitometr‘y and plotted for p53 (@),
Bcl-2 (A), Bax (M), and Bcl-X(4) (B).
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apoptosis®} 2 3lo] adaptive response7} FEE| Gt ol A
AW Fgoll Al adaptive response®] o] chokdt Aol
AE Asle AoE Az, o @2 9 oekdt %
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Hxlo] BhAAdel] o3t Wb EAMENH o E AW ul,
p33¥} T3t SRAQ ARARE YRRl F2 dol7l®
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Utk A Awsbrldie WA FH% A7t WA e
Joiner S~ AP AHolA] YA WA o] & AlEFo
A] low dose-hypersensitivity7} FEZ]A] L BN QIZAEF
oll4= low dose-hypersensitivity7} VJERA] bghelsr Wosrs)
9c}” o} 7}A] adaptive response 3 low dose-hypersensitivity
o] ZAL71A9 o] HAs FeA g2 A A
dFH dF AFRE dARGIVIE FEIYA EELUL low
dose-hypersensitivityy= adaptive response®} UZE-o| £AREILA)|
Aol #ARH 2L 7AS FH3ke AR AgE vk
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=
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H7) ¢b2 ©l Hkslo] HCalollAl& 0.05 Gyoll43e] "=}
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— Abstract

Effect of Small Dose of Radiation on induction of
Apoptosis in Murine Tumors

Jinsil Seong, M.D., Hong Ryull Pyo, M.D., Eun Ji Chung, M.D.,
Sung Hee Kim, B.S, and Chang Ok Suh, M.D.

Department of Radiation Oncology, Yonsei University Medical College, Yonsei Cancer Center

Purpose : To investigate the presence of adaptive response by low dose radiation in murine tumors in
relation to radiation induced apoptosis as well as related mechanism.

Materials and Methods : Syngeneic murine tumors, OCa-l and HCa-l, were given 0.05 Gy pretreatment
followed by therapeutic dose of 25 Gy radiation. Induction of apoptosis was analyzed for each treatment
group. Regulating molecules of apoptosis, p53, Bcl-2, Bax, Bcl-X, were also analyzed by Western blotting.
Results :In 0.05 Gy pretreatment group of OCa-l, 25 Gy-induced apoptosis per 1000 cells was 229,
which was estimated at 30% lower level than the expected (p<0.05). In contrast, this reduction in radiation
induced apoptosis was not seen in HCa-l. In the expression of apoptosis regulating molecules, p53
increased in both tumors in response to radiation. Bcl-2 and Bax did not show significant change in both
tumors however, the expression of Bcl-2 surpassed that of Bax in 0.05 Gy pretreatment group of OCa-l.
Bel-X was not expressed in OCa-l. In HCa-l, Bcl-X showed increased expression even with 0.05 Gy.
Conclusion : Adaptive response by low dose radiation is shown in one murine tumor, OCa-l, in relation
to radiation induced apoptosis. Apoptosis regulating molecuies including Bcl-2/Bax and Bcl-X, appear to
related. This study shows an evidence that adaptive response is present, but not a generalized

phenomenon in vivo.

Key Words : Radiation, Apoptosis, Adaptive response, Murine tumor
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