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1. AESE Y WAIMZEAL

AYTEY vhie dAda AEEEROlA SPF
(specific pathogen free) Aell2 F-Fu+e C57BI/6] vl$-AE8
ALt o] npeAES TRARA 6~9F9 A vl
25 AguldeR dan AsgAE suleld Agsgich
WAAZAE cobalt-60 WAAZAZ|(AFE 076 Gymin)E
o] &3le] 25 Gyo] WAHAE Ao BdPzASt 2AF
1~24X7F A YA A7t Ao BF EFAAZ F H
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2. OEXEAJAQ| TIjuHy

1) DNA fragmentation assay

AT H=A AAE dAE"] HA)| gz 271e PBS
(phosphate buffer solution) 3 mig -2 F AA EA H
4C, 2000 pme g 107 A Eelsigic). AR = 4
ZNe w5 TE buffer [10 mM Tris-HCl (pH7.5), 1 mM
EDTA, 02% triton X-100] 500 418 H7bate] oJSollA] 155
7k EHA F 4T, 13,000 pmo 2 1587 YA Eelsigict
ASBE A AgTol] £7]3 proteinase K (20 mg/ml) 2.5
AE W S0T Smold SRR wiekisieh Ao
|1AS 23] phenol/chloroform© 2 2238 & ethanol2
DNASZ HAAZL. AAH DNAZ TE buffer (10 mM
Triscl, pH8.0), 1 mM EDTA, pH 8.0] 200 plo2 AHelslt o}
2 04% SDS-TE 50 pl1& 4= 37CollA] RNase (1 mg/ml)
0 ploz 7 Aees DNAS $AAZT 239
DNA¢°l| 6X loading buffer (50% Glycerol, 15 mM EDTA, 2%
SDS, 0.05% Bromophenol Blue)E 7}3F & ethidium bromide
€ W2 2% agarose gel (1.6 g/80 ml D.W. : microwave 2 min)
o] F2AIF) 3 40 volt ZA}sloll 42]7F 30852k A7) FEA)
Fct.

2) TUNEL assay

AAY zAe) Qe DAY DAL Stebae] E
uné’]-l 4 pm AHEL "E F ApopTag kit (Oncor Inc,
Gaithersburg, MD, USA)E o|£3lo] apoptotic bodyS o 443]
et 22 AAE o 56~58TE 7M1 & Xylendt
g3Zoll Aelsiel SlAE AAstm R AR
3% H00ll A 1087 Xglsle ujolA] 2h4k8kg A (endogenous
peroxidase) 412 AT ¥ proteinase K& 7}3le] 420
A 1587 F2c}h. TdT (terminal deoxynucleotidyl transferase)
7} & labeling A 3}7] 93l equilibriation bufferS 7}s}od
108 A5 ¥ %ol 30 Umle] TdT enzymeg 37°ColA] 147+
B¢ MHSAIFE. 1 ¥ anti-digoxigenin peroxidaseol] =ZA|
71 ¥ 4ol 3087+ F9rh PBSE FAIRE . 005%
diaminobenzidine (DAB, Sigma Chemical Co.)S Aglslod 2~
1087ke] wAuEe-S- Az methyl green (0.5% in 0.IM
sodium citrate, pH 4.0)2.2 tizzi Mgt & Bjslo] Fetdn)
73 slellA] A3 Ao g 4% apoptotic bodyE Bslo]
52 BRI okEEALY Hrks x400u Fehn]
Aol Agasien), 459 vae g TAL ol g
of SREEAL AHADE FeSeh oFEEAL A% Aol
teAReR I Sel4e AAs

number of apoptotic body

Apoptotic Index (%) = X 100
poptotic x (%) 1000 nuclei

3) Western blotting

AHE =22L Western blottings o] &3}0] o} LEA A9}

FA" FAEAY S FAs oA 37T Al
Al 2087 dAEEsle] A2 AFAHQ whlE SNE 5%
g2 89} 0.1% tween-205 33l PBSol| 2X|7F Z¢b Xz
st VA, B4Rt ke ZF fAAl digt 14 gAE 2
A 7¢ Aglslgdel. thA] PBSE A)As)3L horseradish peroxidase
7} H@gEol e Pkt e $E7], G A)(Santa
Cruze Biotechnology Inc., Santa Cruze, CA, USA)Z 1X|7} X
2]} % ECL Western Blotting Detection System (Amersham,
Arlington Heights, IL, USA)E AMg3lo] X-A HEA | e}
e bande] SHrez $AEAe WA 2ARh Wl
49| 7 densitometry (CSC chemi-luminescence detection
module, Raytest, Straubenhardt, Germany)& o]-&sjo] H2jslgl
o). 485 skl p53 (Ab7, Oncogene Science, Manhassett,
NY, USA), Bcl-2 (Ab7, Oncogene Science), Bax (p-19, Santa
Cruz) 528 A7} FAsh= 25 ALsisich

4) Flow Cytometry

Ak 22 7Aol PBS 3 mlE 93 7199k xS o
golo] A BAE F 100 ym 2719 THE AE YA
g Adslel AEFAS AFAA Y AE vt 5
A el HemocytometryE ©]§3lo] ojuhet Hf{oHo] A|E4
2 1~25x10%mle2 P2 ¥, 1800 rpmOE 587 YA
g 3l3lch o]o]A] 70% ethanol 2 ml-& Y3l 30E7F A59
ol £ % thy PBS 0 mg Y AR AFEL |
ml PBSEel] RGA7 F 4T ALolA 1417 Eb £
t}. o]& 0.1% PI (propidium iodide) 50 pg/ml, RNase-§-§ 50
pg/ml, EDTA (pH 74) 0.1 M, Triton x-100& H7}sle] <34
slgch. 3 Mgk & FACScan (Beckton-Dickinson, USA) §-A|E
B4E olgsjo] DNAZ AT,

p

E| 1t
1. DNA Fragmentation (Fig. 1)

25 Gyg AA=A% C3HHel vh9-25 IAATH], 2, 4,
8, 2AZhmke ARETASlel A2 HEHE DNA Yol
Wiez RAd DNAZ odoldh wAMzA ¥ A
DNAE agarose gel A7|g5%S o|&slo] DNA band 8-+
£ A4 (autoradiography) 0. 8 vk B
A3t WAAZA F 8A7H] TG ZAAZo T DNA
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marker  control ihr 2 hr 4 hr 8 hr 24 hr

Fig. 1. Agarose gel electrophoresis pattern of DNA from
mouse brain tissue (cerebrum). Mouse brain of C57B1/6] were
irradiated 25 Gy with ®Co 7 -rays.

Fig. 2A. Photomicrograph of dark-staining nuclei, apoptosis
(arrow) show in the subependymal region of the ventricle of
normal mouse brain tissue (control, X200). V represents
lateral ventricle and CP is choroid plexus.

i RN i .

Fig. 2B. Photomicrograph of the subependyma 8 hour after

irradiation with 25 Gy, showing massive apoptotic cells with
TUNEL-positive nuclei (*%200).

39] 54 479 DNA ladderZ H v}
2. HAlMO ol8t OFEEA|AL| FE(Fig. 2, Table 1)
A H=2Z& Apop-Tag kitE o]-&3F HAIH=Q W
oz oAt ¥ 73 Aoz A== apoptotic bodyE
40000 Fgt Hu)Fsol|A 33 FEE Hrlslel At
ol oA B3 A} 1, 2, 47l ol EEA LY
Fo] ¥kt gty 24 8| 7to] st Aot F4
A ol LEA|IATL Zylsle 4 HAcKFg. 24, 2B). o]
Ao HzFoA] FESE ofEEAAY YA FF
(apoptotic index)g F-Asle] B A3}, FTHlA 2.51020%, 1
A7¢ 33+046%, 2A7F 28+027%, 4A17F 33+0.25%, 8X)7F
24.0+2.38%, 24X)17} 3.510.56% (p<0.05)QtHTable 1, Fig. 3).

2. OIZEAA ZHEZFO| BISKFig. 4)

p53, Bel-2, Bax, Balx & 34 AHEES] 9H¥-E western
blotting© 2 ZAsla W ¢F9] v 27l wbuling 7)5
2.2 densitometryS o]-83o] H-AslgirhFig. 4). ¥=F 4]
olg|g Az BAe W2 Al7tdol] wE Wil Fels

Table 1. Changes in the Level of Radiation-induced Apopto-
sis

Apoptotic index (%)

Control 2.51+0.20
1hr 331046
2hr 28+0.27
4hr 33+0.25
8hr 24.0+2.38

24hr 3.5+0.56

Apoptotic index : apoptotic body/1,000 cells X100%

30 r
25 r

20

apoptotic index (%)

O 1 i 1 i 1 1
Control thr 2hr 4hr 8hr 24hr

Fig. 3. Apoptotic indices for cells of the subependyma as a
function of time after 25 Gy irradiation. There is apparent
peak increase of ‘apoptosis at 8 hours after irradiation.
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Fig. 4. Western blotting analysis for p53, Bax, and bcl-2 in mouse brain of C57B1/6]. Expre-
ssion of apoptosis-regulating molecules by a function of time after irradiation are plotted.
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Fig. 5. Western blotting analysis for cyclin Bl,
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D1, E cdk2, cdk4, p34™? in mouse brain

C57B1/6]. Expression of cell cycle regulating molecules by a function of time after irradiation are

plotted.

A gigtom BT Aol WE wiste FZE Asigich
Belfubulin: LAl A9) w3} gk} 2417l
Z7k97] ARl szl HIAASME HeE 7a
sglom, uhel] pSubulin 24 7kA(1 200714 QRS
2715 Bolt} ol3HElE 1 SZelld Ae] Wb} glo]
FARGT. 3 Bayubulini 24713l HTAE B
olchl 4AZtujol] Q4o B} szl T
Rhe] A4 B en] Bex WS oichFg. 4).

[« BRE=1
3. MIEZFV]9] HEHWestern blotting) (Fig. 5)

Western bloto]] 2|3} ubg oz AEZ7|oA zANAE
ook ofe) FAAAEDY 4VWAS EAete] B}
GO-Gl phaseol]A] 24114l cyclin DIL 2878 HAA =

AL 8~24A7kdel] ofRe] S7HE Bl wbel GI-S
phaseol|d] 22L& 3= cyclin Ex 543 W3t Kol
239kom G2-M phaseolld] ZH#48-§ = cyclin Bl A7h
9] 7% Rgch 3} cyclin D, cyclin E, cyclin A 5ol I
Hx odkd, cde2 55 HIE HolA okghrhFig. 5).
4. MIEFIIM ZEEXIQ] H3KFlow cytometry)(Fig. 6)
HAAzA 3 AEFT Y BE2EE FAEEAS F5H
E43te] 2 Az}, GO-Gl phase cell®] v]& A9 98%9]
HlE2A BAKRA & 1-87AAE A wiks Ho]
A ekl 24A7k0] A3 Foll R Fasileh G2-Meh
$719] ATE AA ATF 2%0)stE dAAZA 3 AJ7ko)
ZAHE e HolA] g Yk
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Fig. 6. Flow cytometry for the analysis of cell fraction in the
cell cycle by a function of time after irradiation are plotted.

mo U AE

QgolA ghAte] FEA7AISL Aol HAAE A
HH 33 AL R Q3 28-S AYeA sed, ol
g BAE-L ukE DA 3 A 2 AE9) ol EELA)
29 Az AAHT k> ol AL AEE4
FFAEAL Kol WAAE zABle] Ol EEAR]X(apopto-
sis; programmed cell death) g FEAIZ 24 ek

HALAE 2Asl] Ol ERAAE GEsln e wh
L 2E FeFE W (morphological method)z}h H e 223}
31 9] ¥bH (immunohistochemical method)©.2 ¥ 4= 9]
o't P AR RS See] @ g g WS Bl
vt apoptotic bodyE ol FefEtz{el whgo] 714 7
EA4Q wholA vt RFE4Ao] o JdHezE HLsl
717} ERbslehs e 7E-a 9k dbd Al¥e] DNAE
FE3te] A719%5S B9 E3lE DNAE S+ iy o
Al BEEAel EuFssle  o]FA(heterogencous cell po-
pulation)oll A& H 7] olgivhs AAE 73 9t a8
v HZ s BEY U ARE o 9 Wg=y
318391 b4 (Immunohistochemical method, TUNEL assay)-2-
3|5l DNAS] ‘3 OH-terminalol] TDT (terminal deoxynucleo-
tidyl transferase)E- o]-gs}o] biotinylated dUTPE H-ZrX)7| 3
thA] fluoreceinated avidines HFAA Ak HbdezA
4 sensitivity)oluh  Bo] A (specificity)olls] E& whgos
Frpia gl

ool AtAlE WALE A ufgi9] HzFdlA o}
ERAAE Holslaal DNAZEEAH(DNA fragmentation
assay)?} TUNELH & o]g3ll o, AHEEL 65 A% ¢

Aule-A(C3H/He)) 5vle}d& AdFoZ 3lo] 13] 25 Gy
& AAzAG ¥ 1, 2, 4, 8, 4X7 0] 3t OF AFET
ANA d=z2E Ak WA DNARAHE o] &3
o] DNAE F&3lgaL o] 358 agarose gel electrophoresis
(A71%9%5H)7} autoradiography (A5 PAAZAH)E o] &3
o] DNA bandE #&3loict. 44 WAA=A F 87
o] a3t ZAA-EolA DNAE# S E74471¢] DNA ladderg
HcKFg. 1). ol FEANAE Wl SlolAl o e
EolAde o} Aol e Hu Hol4dd A
o] & "o g Wz Al TUNEL assayE ©]
$3to] B ZA & A M4 Fe uhE ofEEA|LY] FF
< F7ksigieh. FEEn|H (X200 0.2 3 Ai} ofEEA]
&5 ¥ zF ] 4olsl(subependvma)ollA] FE Polkon
(Fig. 2A, 2B), IAAZAS F A7t el v ofEEA]
29 FAE 1~4A77A= "3} gleb) 4X]7 o] 3 E]
FAE d5sle] 87 Foll ] X](24.0£2.38%)0] o] 2510
o, o|F oA FA| AFlsle] 24X7ke] HAZE Fell=
L= 355 ckFg. 3).

Mattia Bellinzona et al'’9] Hiol] ojshd A% FHE2~3
months, female Fischer 344 rats)ol] ¥FA}bAl 5 Gy =+ 30 Gy
Aol zA8E Azl FoslollN FE OIEEXNLE HET
T o wAdzA £ 6X7ke] A3k FAECA of
ZEXNA7} H3X)(13.1£29% and 17.1+£22% at 6 h after
5Gy and 30Gy, respectively)S H.$lr}. =¥}t Chie Shinohara 5
Dol B A% 4elslet 2K corpus callosum)ollA] F2 o}
EREALE BHT 5 JRon 13 2AAF 14 Gy T
15 Gy& =A% A3 37 o|FHE] F7HE Helchrl 64
Zho] ZapsiAl = ol A H3XQ23%, 3.8%) 1L 4
oJ5}ollA(19%, 27%)E Hch 3 o] Aol A4
qizkg Hk3-& Hole Aoslel g Td=A A% 2~30
Gy} oflEEA|L Aete] FBRAE F4sle] Hokeh £
Az B8 =A44%F 2 Gyolld] ofEEAA A7t H3A
o] o]& Folle EZAFY Frlls £t AHRE W
gk BazAe] 3l lojAE 3MREE ofEEA A A
FA7t 2HGRE Bk AETo JolHE EE=2A 14
IAAE ASHoE Fashhr) sHREE IHEE Ho|
T ZLoE Hol olXEA|A Aget A zALAR 3 28
ZA el Aol AL Zeg Bl

OFEEAIL HAoll= o] AU Al J' A
o A b ool AFARE oFEEAL HAoNA] of
o QAEel st YIeA Pobiiiz}l Westen blotting g
o] &3sle] OfELEAIAY AMEFT|MA zAQAE L=
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AR EEAY] AR S BAsth ol ZEAAR $5
He FRdle #5271, 2371, Eevigt 22 A DAE A
A o] FAQeA o] FHEAEe] Hofeln] zAZLE
e Ao A b B dEAA FFgA S22
2 geiA e ps3 A4, dAl 59 ASg wew
F=7lellA o] ol ZREAAE FLAF|Y B2 W
2 33plolld JAAR Agshs Ao geiA Yo

A7zt AR ¥HzF A ps3, Bd-2, Baxs} 2 §
AR 239 w2 MAAXE F A7t 9 Wi E
oletA] gigtow TiFi} A|7tel wlE wsle] FIXE Aslg)
ot Ol EEAIAS dod|ed M & Q%S sl psIL 2
AIZH1.280)7kA] QAEA F7HE Holchr) o] FHels 1 F
FollA A w3y} glglom, Baxe 2417H1.3u)el]l 2 3%
£ Holtpr} 4x|7} ol 4o 38y} 8AIZE o]l
chA] o7re] Ao HgichFig 4). wbol Bd-2& WAz
A F WZelle A Wbt gtk 247kl 1)
AlFsiczl 83Xkl Hmx|(LsehE B F sl
Seong 579 Bl olsbH nlgxo] F4 ZFNE WA
A ZAF 1227l WA ps3o] F7ksta o]ojA Bdl-2
o} Baxyl Ge e, 53] Baxd] F7P7) ol EEA| A
Hux|g Aok gk whel] QArte] HzAdAE
p337} ARH o Frkshs FAlol Bawl Z714E Flst
of OfEEBALE FESFUAT B2v 23 FHEA A
Ho] olXEAX L HAA AAAZ FLelE AR F
20 % % ek

AEZANA o) §ABAe] ZAARE Telsh Ao
Z gAY Westem blot ¥PH o2 o|Sale] Ayt
AE FABte] Hokow(Fg. 5) AIZF7|olA 7 FIAEE
o] £&Fig. 6) ulasted Btk AEF7)9] GO-Gl, eary
GI1-S check pointol]4] =Ae1ztE 2831 cyclin D1-S ¥4}
REA % 8~244700] 78] 2742 Hich13u). Cyclin
DI Z7he olshE WANZA ¥ 842t0] Ao o) %ol
AE7} HF F712 FS)(ransiion)=]o] Uehls Aoz A
Ztglck. whHol] late G1-S check pointoll4] =A 28§ sl
cyclin Ex= So|3t W3}E Holz 43kom G2-M check point
oldl 2AAE-E she cyclin BIE 7] 7H4EE B
T cyclin D, cyclin E, cyclin A 9] dependent kinaseQ!
odk2, cdk4, cde2 TE WHIE Wolx| iokehFig. 5). gt W
A =2AF AZE Azl whE 74 FIIAEEY] E-&(Fg 6)
< TAsle] £ A A7 o] ol Azke] W3lE KA
SolstA= gkgtet. olEidt AT B uf ulgi HzF
ol WALA=A F A7F ATl whE AEFV)S z=A-AA

o} AEEEC] W= Bol3lA| %2 Aos WAt

AR o2 AFFTE vheL Hol| LS 24 F 4l
Hz2E AFsle] WA AR o}l XEALE FE HAY
Aostol|lA] By ow ofEEAA HARF AEF7|AA =4
A4S s FAUAS AEEEY ol Boldt A
< uXA G AoE AEEUt o g o] dAFE 7
2= o] ¥ 7} B9 zA A o}lEEA| LS| W3, 13]
ZAA % BG=AA] Mol whE AdzAs Fd=3 7
9] olEEAA A9 W3} 12]al ofEEAA FEIHA
A zA3ZEE 33 dE oE dE 3RS dRlAE
Y 742 A7t desiths AsHc
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—— Abstract

Regulation of Apoptosis and Cell Cycle in Irradiated Mouse Brain
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Purpose : To investigate the regulation of apoptosis and cell cycle in mouse brain irradiation.

Materials and Methods : 8-week old male mice, C57B1/6J were given whole body 7 -radiation with a
single dose of 25 Gy using Cobalt 60 irradiator. At different times 1, 2, 4, 8 and 24hr after irradiation,
mice were kiled and brain tissues were collected. Apoptotic cells were scored by TUNEL assay.
Expression of p53, Bcl-2, and Bax and cell cycle regulating molecules; cyclins B1, D1, E and cdk?2, cdkd,
;)34""°2 were analysed by Western blotting. Cell cycle was analysed by Flow cytometry.

Results : The peak of radiation induced apoptosis is shown at 8 hour after radiation. With a single 25 Gy
irradiation, the peak of apoptotic index in C57B1/6J is 24.0£0.25 (p<0.05) at 8 hour after radiation. Ra-
diation upregulated the expression of p53/tubulin, Bax/tubulin, and Bcl-2/tubulin with 1.3, 1.1 and 1.45 fold
increase, respectively were shown at the peak level at 8 hour after radiation. The levels of cell cycle
regulating molecules after radiation are not changed significantly except cyclin D1 with 1.3 fold increase.
Fractions of Go—-G1, G2-M and S phase in the cell cycle does not specific changes by time.
Conclusions : In mouse brain tissue, radiation induced apoptosis is particularly shown in a specific area,
subependyma. These results and lack of radiation induced changes in cell cycle offer better understanding

of radiation response of normal brain tissue.
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