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A% cytokine®] ¥h3-2 = EYPF} FEAF wojukdo] o
gk g4ol7lE wA, #eke] cytokined zF ol 4w 4]
F32 zARPIE otz @b F4 wkgold RuEE
cytokine® FF Qe F7] 1 (interleukin 1, oJ3} IL-12 ok},
SlE]£7] 6 (interleukin 6, ©]8] IL-62 <k}, Eoka]A}elz}
(tumor necrosis factor, ©]3} TNFZ <F3h) Sojut? Aupdo
E, TNF, IL-13} Z2 cytokine Hz|WAL4l, #bej4l, L ¢
o] o Aol ol AY4sH, o] cytokineT-E FFAEE
ZAMIIE Ao dA Ik TNFE =3 AZEA
(cytotoxicity)o] glow], DNAS EAE 7}AE programmed
cell death =, apoptosis® 53l Ao LA uk? 9
E]§7] 4(interleukin 4, oJ} IL4E <okshi LA =ZA] 9
3 L Aol Zaddm #gict”

7HE AR A gl vizd qize Ar)2, WA 9
A 9] Welehy £ o] & ¥EA g, =
3 H ol WA 9% £49 F 7)Ao apoptosisE Y
27 gl.ot, apoptosisell Hoddh= cytokineol] tgk Qe of
2 AASE] YA e Aeloltt? mela AL WA
o] Zhell WAAZAE Al¥sted cytokine®] w3} apoptosis
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CHa o 2y

A TEL AF 250~300 gme] AF 4~570Y 2wy
(Sprague-Dawley) 60 wlgl& =+ 4 glo] AMgsigix, vt
A ZAT-E 1THE 5708 FEsle] 2 & lmjelE
sldck. MAE JhA JlElE2E FY vHE & 34E)
ARE 253, 6 MV A¥7KE7I(NEC  1006X, Tokyo,
Japan)E AH-g-sto] AAloll 8 Gyo] WAAE £ 2 Gy A
FEEZ dd=ARGI WA ZA F 1909, 320D, 5
UGD), T86@D), 4YEHo BN, dzFe WA
A 2A4eA %3, 7 29 Aol 3ol 247 amte
4 HANA Adsisieh A W92 (radioimmuno-
assay, RIAF AEH AL FH(bioassay)S 3 dY
AAE ARNA 3T, 2 222 128 BAE $3E 9
3 WEslglon, 128 HA=A 33t g s 10% 2
gl gl Bakelgich

10% 2o 239 7 23 £49 WU sia)
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Hol] Eofigt & HHINE o] &s}o] 5 im FAE WHEo] &
glo]=oll <9l ¥ hematoxylineosin & sfod F33in]7
o2 HAs15ich. Apoptosis®] WE WIEE 3 oH(400uH)0l A
=)= apoptosis A E FE ohAl ¥ Alo] Hg 3%,
in situ nick end labelling method= @s}e}dl, & A7 £
proteinase K&} HFH-3-A]7]3. Apoptag kit (Oncor, Gaithersburg,
USA)E Agslod Alsdalgict. =, Tdt (terminal dioxynucleo-
tidyl transferase) ¥ 49} Wk-2-A]# digoxigenineo] FEA|E +F
doelsg ARAZ & aE WS FA17) 1, anti-digoxi-
genine-peroxidase E HH2-A|#H DAB (3,3-diaminobenzidine) 2. 1t
A Z ek Apoptosis®] WFWlEi= FETH400uN)ol 4] HE =
+ apoptosis & AA] Tl ¥ Alo] HFAE F3l9]tt
Cytokine®] w&io] 242 wozx33t oz} IL-6
o] AEH A E, YAAAHAEZAE I 3k W=
A8t 32 LSAB (Labeled Streptavidin-biotin, DAKO, Car-
tenteria, USA)kitS Ab&3lo] Hsu £%] 7|43 vloz o
Asllon], AXAZE HEFERA IL-1, 489} o FE
4 IL-6 9 TINFgAE A-8slsict sheld Fofzz] o 2 RE]
5 e ARG wrgol AW Ae-gE el
£ A7 & H0,2 WA #H4k3hE 4 (endogenous peroxidase)
E AFAT7IEL, Q43 9F-8-H(phosphate buffered saline,
PBS, pH 72)0& 4] & UALAS A2ol|A] 149} IL-6
£ 308, INF= 1417 IL-12 10417} o4 ubg-AIZeh 94
Al ks F Aggo] ¢ H GAE PBSE FAlRIRL wlole
glo] A= o]} dAl(antirabbit IgG antibody)E 2047F Hkg-
2171 & PBSE FAIgH ¥ FAEkE 4Tt A3 streptavidin

gle thA) 2087 HHSAZ F SARKL ABC (-aminod-

ethylcarbazole) 5 A}-g-3}o] 2FAR|7 )l Mayer’s hematoxylin®.
2 UEgu ¥ FR4E SARL 44 PR oy
of FPu|F o g IL-1, IL4, IL-6 3 TNF] LARFEES B
Wolo] YUHES gz THAAT A A o
PBSE WA 78 ¥4 dzFez dgen, Ui
AZT} 743 75 FHoZ Hole Z$E grade 3, BIEEY]
AZEo A FIREEE Holut JAAETL o3 H9E grade
2, 2 Aole] G Holk ¥ Fol Yue) AT o
Hg Bolt A9E gude 12 BFeIsich

IL6s) AT YHE FHL L6 424 ANF 27
#) o}Z-E(IL-6 dependent murine hybridoma subclone) B 9.55
AEZE ol 83l IL-69 &Ae FAGt B 955415
AR Z Y AAE 10% TeloRINES BaY A
Ael] Alo] 375T wikr]ollA] 72R17F F<F sl s, wkAl
ot ok 6A17F 5ok AlEESE 0.5 4Cie] 3H-thymidine (speci-
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fic activity; 84.8 Ci/mmol)o.2 FAslgich MEE AEAE
22715 olgelo] felol@Ao] o}, WALEAD DNAY]
9k&- liquid scintillation counter (Beckman, LS 6000A, Brea,
USA)Z Z7g3l3ict.

IL-69) PAARAZA L b cytokinezt Aol 8
Ko, Zol AF7|E ZF5)

7t WA A = AF-2] apoptosis?] 47, IL-62] TA S %—?ﬁ, Y
AQ e £R9 Asks YaTHe Hold gowp ties
olgsted ZA, FATE 0.0577lA FAIEH «M%
Asigict.
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Kupffer cell®] o])%Eo] Zulx|o] UgchFig. 1B). Apoptosist
AL A 190 829] Harxjel] =3 F(Fig 24), =
A ¥ 3Uol| e 642 Fo]EHA Kupffer celld] o5& & &

9lgithFig. 1C, Fig 20). A=A 701 Mg =
apoptosis9== AAHAQ 232 FAFAA, A3 A%
HE RS 4 F IYgickTable 1, Fg. 10).

In situ detection methodol] o3t IWAAF}, WAA=A ¥
A(Fig. 24, Byl 3|7 Aoz 345 827 HWr} wh,
14.870¢} apoptosis7} 3UHEE=(Fig. 2C, D) 94% ZrAzw A
AR gashe B¢ Felo] Bldh dizTel sl FA
How oulglA ZAhHel e A 193 799 A
o)1, 14Ydl= 2T FAAS] Kol §iirhTable 1)

gz stetod Al AANA -1 197 3Uo)] Rk
<+ H3lor} olF= WHHA dchFig 3A). L4+ EE
ol Ay ”“54517‘1 okSkch(Fig. 3B). TNF= IL-13} R-Aks}

Al 193} 3Yo] FARE-E B F Z4sivhEFg. 3C, D).
IL6= 193} 3°‘°ﬂ Aurdog A= S B,

Fig, 1. Histopathologic findings in control and irradiated liver tissue.

A) Hepatic lobular architecture is well preserved in normal control tissue(H&E stain, x100).

B) Hydrophic swelling of hepatocytes and increased apoptotic bodies(arrow) are observed in
postirradiation 1 day(H&E stain, %200).

Q) Postirradiation 3 days revealed mild infiltration of inflammatory cells & Kupffer cell mobilization
(H&E stain, %200).

D) Mild fibrotic change is shown in postirradiation 7 days(H&E stain, x100).
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Fig. 2. Apoptotic bodies(arrows) are frequently seen in postirradiation 1 and 3 days.

A) Apoptotic bodies in light microscopic findings in postirradiation 1 day (H&E stain, x200).

B) Apoptotic bodies detection with In situ Nick end labelling method in postirradiation 1 day(In situ
detection, %200).

C) Apoptotic bodies in light microscopic finding in postirradiation 3 days (H&E stain, x200).

D) Apoptotic bodies in In situ detection in postirradiation 3 days(%200).

Table 1. Number of Apoptotic Cells Induced by 8 Gy x-
irradiation

ost-irradiation da
method P y

control
1 day3 days5 days7 daysl4 days

Light microscope 15+ 82+ 64%+ 35%f 23+ 24+
07 27 18 19 14 1.3

In situ detection 14+ 148% 94 67 36 24z
07 53 30 29 20 13

'p<0.05, No. of apoptosis: mean+SD.

o] & A%} 7+4-slgitHTable 2, Fig. 4).

7F 234 69 AE4A BYEE dl=To) H]3) 19
o] BAIA o quIgliA F7iHo] UL, 1 o]F & HA
#AaFo] 14Yelle BAH o2 Fig Aol Holx &
girh a2} BE A zAT] 2T wlside g4
571 Z7kE0] Il 1952E 1490 o]277A] Al 7
&dhs 7S Fglo] HolFickTable 3).

dolollA9] IL-6 FAE A RE Folld dlzdHd

Table 2. Immunohistochemical Stain of Cytokines

post-irradiation day

control
1day 3days 5 days 7 days 14 days
IL-1 - + + ~ - -
IL-4 — - — - - -
Lé - ++ 4 +
TNF - ++ + - - -

+ : Focal stain, ++ :Diffuse weakly stain, -+++ : Diffuse strong:
ly stain

A% Sujgls Zvke BolA QA 196 73
%3, AR ke AL $AY 4 YAk Table 3).
AR SR A oA 7 227 QolHe] L6k 1
ol 71 & $AE Wolw, 1Yol olZAA AR 7
z8g08, o)t BE nzRo 2718 SX\FckTable 4)
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Fig. 3. Immunohistochemical stain of IL-1, IL4, and TNF in the rat’s liver.
A) IL-1 is weakly expressed(arrowhead) in postirradiation 1 day (Immunostain, %200).

B) IL4 is not detected (Immunostain, x200).

C) TNF expression is highest in postirradiation 1 day (Immunostain, X100).
D) TNF expression is decreased in postirradiation 3 days (Immunostain, X100).

Fig. 4. Immunohistochemical stain of IL-6 in the rat’s liver.

A) Strong and diffuse expression of IL-6 is demonstrated in postirradiation 1 and 3 day (Immunostain,
x100)

B) IL-6 expression is markedly decreased in postirtadiation 5 days (Immunostain, x100).

o U AR

PAR ZAG g% ATA F RS AAATAsH
apoptosiso|, apoptosist= T AHe el FRAL o)

o utdo A 4% AT 5%, AELAR
$A), 29 ATAA Hel, W LA Hobs T4
Zo) ARE Sew TATE YA FAoE olFolAE
apoptosis'=, DNAS] Eal7} AEet £34e] AARTh A3
s Aoz AASKE FREE, AR AR 24w
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Table 3. Result of IL-6 by Bioassay in Liver and Blood

post-irradiation day

control
1 day 3 days

Liver 18,780" 43,342° 35701 29,850 26,899 24,949
5400 +£14471 *9,726 7,041 £399% 3497

Blood 2,213 6,106 4476 3,019 2985 2500
654 £4180 +749  +703 +568 +298

p<0.05, IL-6 unit: meanS.D. (u/ml)

5 days 7 days 14 days

Table 4. Levels of IL-6 by RIA in Liver and Blood

post-irradiation day

control
1day 3days 5days 7 days 14 days
Liver 263 1,286 675 670 535 398
+54 1842 +207  £395  +134 +163
Blood 142 441 308* 228 231 208

+28 £197 +28 +9 +129 +36
*p<0.05, IL-6 unit: mean+S.D. (u/ml)

£ Hel=e dd 254 333 5 ok v zA
o] 2|3} apoptosisi= 1982'd AAolA] A& Hax ofd, o]
F B QoA o] AEFE, FFAEANA Y apoptosis7)
FAE|R o, et ALz 93l apoptosis7} FEFH,
apoptosis7} WA Z Aol o3t AEALS P F£H s
A geb* P Az o8 $E3E apoptosisE
o] whE Aoz 8he|zlEdl, Meyn S73 Stephens £
9] Aol g3p, A AENA 2~6 Gy 4e] WAL
A zAN 5 apoptosis7} 6417 Mol A&sgicka sigim, =
A &9 QAN E WAL ZA F 9A7bo apoptosis7} T
ZElgcka stglek” 7hellA WA zAl 98 apoptosisi
19951] Terashima 5" ol} ojzle] AL FlEsigion, Al 7
Gy WAzA ¥ 304o] DNA EA3E £ $ 9,
ol ZA F 1~6AZtl AHe =gittn sk B
Aol A apoptosis7t WAAZA F 190)] T gol BEE
A Al LA BE =A ¥ Xl{’*”éi 3B A
BRE ZPAT 6417kl vehds WelzA e £He ¢
AZE 1904 go] Jehls Aoz Y74 5 glovg
WA ZAL - apoptosis7t Yojub= AL F4 HhEez A
Z+gle). ®E3F apoptosise ZHAIE B ofuz), @IHIE| A Eo)
A #EsE ol B o2 s BEHA QA
of[g1gt A Q! in situ detectionoll A= & 5 )

IL-12 ofekdl mdd, oA, e, 28, 283 HY7)sol
Polsle TEPE R, 24, AR 54, 939k B3
T kst &Sl g3l o] 71 AlECA IL-19] AAlo]
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]

ZolE, ZRolA 19 A4S 443t defubee] Wt
o} 2o 28 o ok BAdzAE o A4
18] e ZTRFE Aoz A dtd, sl
IL-1g E3Ht cytokined] Hul7l AAZA o] dZuke
7 A93ke] Gsloln, olE 2 Gyl WANZA T 1847
oltoll Yolnkehi sili, HIAIAE 20 Gyol WAAdzA
F IL-19] 2718 Hasigsd), of of L1 v whee)
2T AP A GTS Aok PP B 47
AN E MAAZA & 193} 320 IL-10) Z7lEo} oh2 o
FABET 7o, IL-lo] WAAZA F whE A7]o] Z7}5)
AL E 5 g wekd 195E EujEs L-lo]
AAzA ol 23] 4ol Bojdicta AZEgT, ol
443 % ol)2} apoptosisoll £ Treddheha AYzhsic).

4% 24343 TAZNA F2 A2=0, e BAZS
ZA3} Aol Bojdkm gl gor), HTol: oF 7}
A AL, & TAZ, ZLAZ, SRUSAE, 49AE Sl
o) Dot AEe ol Ao Ho] g, L4zt G
SollA] HAS] BABel] Dotk FAE Yok P L4k
programmed cell death %, apoptosisE FEsl= ZAoE, 9lx)|
2 B AIZ AFA) MESAo] JE Aoz FeA ek,
PANZAG BAH L49] ATAREE wAAEAL
49 §4e ZEAGT Bade] Yo B JF7 A
HAAE BE FolA 47} BARA ghol WANZAE
IL49) BuE 7EAFAY Had o] gl Ao A
Zrle}.

6= t7)58 2% cyokined) sh}Z BAIES] Rl
A2 BALY A A4S ZIINA Wdurel) o3 o
&g sho] IL-69] TIPS ThFEA BAEY] 84S &
AA YAS A G 283 Le: 28758 F
A7) o Fodt ddhe kY FA) whgoldt g A
AollA 7ed, 27 &4, Zok, Wdold Soz AulY F¥
o] WAL u ol vz Y] 8 FFAeE Yol A
Ae) whgoE, abo] Yol Aol BAE WYL,
AGEAE, SIhH)AESo| cytokine, £5] IL-6, IL-1, TNF
% Bujgtosy Johled oL Aol HA Y& EA)
AZS] Bo] S8l Agale] @, MPT ZrkE, YT
A7 £59] Zv), BA9A AT3 28 A F=EFo|
=9 ¥uz7), B 3 €4 PAAEe) BA, ¥E A3
ofede] 7ha, &4 AATFY, 7N FA SAe) FA B
o] AALe-g Yo7let? Cytokine FollA%E IL-1, IL-6, TNF
7} FA7) Mool 28 QL P AT A Y

L6 HARZA Fol 2753, AR Y6 AIE
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A AAEE IL-68 2558 Frsie, wdt IL6%
A9} apoptosisE S5}/ E s, Neta 28 IL-67}
IL-1, INF$} 4% Z83to] ACTHE FE38to] WA 2 A ol
A3 AA-goll wWoAE-g gokw sgich? B AT Al
A% Wz sstd A, e HA (bioassay), WA
ZARERIA) AT ZrollA BAAzA F 143} 3Yd] IL-6
7V 223 el BF Zobd AnE RHolEgn) o] F
7HXE 5Y, TYE 28 AR gasiglon, BE w4
2AE] tzTEeks EA vl wheld 7 22 oA
PAAzA F DA apoptosis IL-69 L33 o)
$eg ¢ T Uk 53l 67} WA zA3 ol W o}
Yzt BAAHAS AN SEglw w3k A BAE
FAollA AR Z71 A2 169 Wy ¥ ohe), B
Aol FIkt Ao veh) MALAZAA] IL-67}F ofd g
< shElghe Aol FAsvkn A7 A71H g s L6
W AE7} apoptosis WwITo} UX|gro 2 ApkaAlr}
P F5E 5 U

TNFE 17kD2] Zelsle]lc g 2)Loll= cachectine @ 2]
o, Agt AZoh ) Fok SolA EA &3t oA
el 1 9ol chekdt 7158 JHAka i3l TNFSh
-6 IL-13} &7 3471 uhs-& fisbe, wmd Af2A
I, @BHHAE, ZIAE Sl ZEsle] IL-65 HAsts
5 AP wAdzA & oje] AlEolA] TNFS] Z7h= ol
Aol BaEgds, a2 7S TNFY WAl 24 25
spingomyeling ceramide 2. 712 E LA Z apop-
tosisE SEgtcha sk’ Krivenko SV 9 Gy<] HMA
A=Al 4] 242 7kel] Tull, 48| 7kl 23ul] TNFoko] Z7l=ich
I 3lo], TNFE thZ cytokined} npxizlzl g wbadzA &
whE A|Zbell F7tElo] o] ZrlEl TNF/F A4 43 #A|
e Wzl del #edd Aoz Basn’ B odFelA
TNFE 193} 390l ol whislm, o|F Zdele AR
el TNFE oh2 cytokined} wixi7iAl®, Wiz &
e Srkse, o)y Wt WA zZA) 8 239 &4
A& o] St & 4= gk

AEAoE MAAZRA F 193} 3% IL-], IL6 I TNF
7V ksl Ae WA 9t MES} zF9 &4 F,
apoptosis?} AF| o] glowm, cytokineol] ©}2l] apoptosis7t -
Efce 7€ QF Adbel wEw, o|E  cytokineo]
apoposis S e Aoz Y F ok Kuida 5%
Interleukin-18 converting enzyme (ICE)e] $1-& 73-9-ol] IL-69}
TNFe| ofo] ZH4sl3l, ICEZF Sl 739 Fas Abel] ofst
apoptosis7t &=}, ICE7L 91 7d-9-oll= apoptosis7} #HA

2ol 2

A 7] wiFell, IL-1o] IL-68F TNFE f=3li, o|Zle]
apoptosis & LA Aoleta sigiek? whebd wAAzA
of ot =7 &4 F4 Hhge] ¥FE I, IL-6, TNF
9] cytokineg Hulsle] o]Ae] apoptosisE: FEF2H o
Agicha A24% ¢ Qlck et 2 AT Adre WA 2
ol 4] apoptosise} cytokine®] W& A7I7b AXjshe AvkE
#lgho 24 apoptosis9} cytokine?] 4L AVAE UFskA
Agk, okrizke] QBAAE FHs] A3 At desic
gdozg AT PAARA F 1Y o[l AZHE cyto-
kine®] 2z} apoptosisE #IEHAU, cytokine F-2- 1 3]
£ AARsh= 59 We o]83lo] cytokineol] ©Jgt apop-
tosis?] Fb-E e A7vl LY Aoz Az
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— Abstract

The Relationship between Radiation-Induced Apoptosis and the
Expression of Cytokines in the Rat’s Liver

Eun Joo An, M.D.", Kyung-Ja Lee, M.D." and Chung-Sik Rhee, M.D."

"Department of Diagnostic Radiology. Pundang Jesaeng General Hospital,
TDepartment of Radiation Oncology and TDiagnostic Radiology, College of Medicine,
Ewha Womans University, Seoul, Korea

Purpose : To determine the role of cytokines in the apoptosis of rat's liver following irradiation.

Materiais and Methods : Sprague-Dawley rats were irradiated to entire body with a single dose of 8 Gy.
The rats were divided into 5 groups according to the sacrifice day after irradiation. The liver and blood
after 1, 3, 5, 7, and 14 days irradiation were sampled for evaluation of mechanism of apoptosis and role
of cytokine in relation to radiation-induced tissue damage. The study was composed of microscopic
evaluation of liver tissue, in situ detection method for apoptosis, immunohistochemical stain of 1IL~1, IL-4,
IL-6 and TNF, bicassay and radioimmunoassay of IL-6 in liver tissue and blood.

Resulis : Radiation-induced liver damage was noted from first day of radiation, and most severe
parenchymal damage associated with infiltration of chronic inflammatory cells was seen in the groups of
5 days after radiation. A number of apoptosis were observed 1 day after radiation on both light
microscope and in situ method. Afterwards, the number of apoptosis was gradually diminished. On
immunohistochemical study, IL-1 and TNF were expressed 1, 3 days after radiation, but not expressed
after that. IL-4 was not expressed in the entire groups. IL—-6 was expressed with strong positivity in 1, 3
days after radiation. Bicassay and RIA of IL-6 in fiver tissue and blood showed the highest vaiue in 1
day after radiation, and the value is diminished after then.

Conclusion : Apoptosis seemed to be the important mechanism of radiation-induced liver damage, and is
possibly induced by the release of cytokines, such as IL-1, IL-6, TNF in view the simultaneously
increased appearance of apoptosis and cytokines.

Key Words : Radiation, Liver, Apoptosis, Cytokine
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